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PREFACE 


When Fundamentals of Building Construction, Materials and 
Methods, was first published more than 25 years ago, it 
filled a void and quickly was adopted by hundreds of col- 
leges and universities as a text for general courses in con- 
struction technology. It also precipitated immediately the 
first of a growing stream of requests from teachers for a 
companion volume that would concentrate on residen- 
tial construction while retaining the qualities of the par- 
ent book. We were pleased to respond to those requests 
with Fundamentals of Residential Construction, which was 
first published in 2002. The book that you hold in your 
hands is the third edition of that volume, and it contains 
numerous improvements. 

This third edition inherits several important traits 
from its predecessors: It is straightforward and readable, 
and it contains extensive drawings and photographs. 
These elements are blended on attractive pages, and, 
for the reader’s convenience, each illustration appears 
on the same two-page spread as its referencing text. 
Retained, too, is the concern for both technical and 
aesthetic matters, because we believe that they are 
important for the quality of buildings and the lives of the 
people who inhabit them. 

New to this edition are a chapter on multifamily 
construction and an expanded discussion of green 


building practices. In addition, the entire text has been 
edited to include updated and emerging building 
practices and to improve readability. Over 80 new 
photographs and illustrations have been added, and 
the glossary of building terms has been expanded 
significantly. 

Although both of us teach in schools of architecture, 
we are not mere ivory-tower academicians. Between us, 
we are the architects of well over 200 constructed houses 
and innumerable remodeling projects. Both of us have 
spent countless hours on construction sites, working 
with residential builders, developers, contractors, and 
craftspeople on the day-to-day minutiae of getting houses 
built. We have both constructed houses with our own 
hands, from excavation to finishes. In addition, both of 
us have authored books on construction that have found 
enthusiastic acceptance in the building professions. 

To make this book inclusive of regional differences 
in construction practices, we have found that it has 
been extremely helpful that one of us works in wintry 
New England and the other in the damp but mild 
Pacific Northwest. To extend the boundaries of our own 
experiences, we also have consulted frequently with 
colleagues in other regions of the United States and 
Canada. 
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People have been building houses for thousands of years. These houses have provided shelter, 
afforded privacy, defined territory, enhanced status, and, in some cases, provided defense. The earliest 
houses were opportunistic uses of naturally sheltered places like caves and were more like nests than 
houses. As time passed, people learned to assemble materials collected from nature to make simple 
freestanding structures. In many cultures, these structures evolved into highly crafted houses that 
are elegant expressions of cultural patterns and values (Figures 1.1 and 1.2). In the past 150 years, 
technology has afforded us conveniences such as electricity, plumbing, and automatic heating and air 
conditioning that have made houses, in the words of the famous architect Le Corbusier, “machines 
for living.” Most recently, housing in the industrialized world has emphasized energy conservation 
and efficient production. Today, residential designers have a rich history from which to draw, and 
residential builders have the best tools and most complete palette of quality materials with which to 
build that have ever existed. The challenge for this new generation of designers and builders is to 
improve the built environment in the face of decreasing natural resources and increasing population. 

Throughout history, the forms of houses have differed from region to region. House form varies 
primarily in relation to climate, to available building materials and tools, and to the culture of the 
people being housed. The influence of climate on house form is dramatically demonstrated by the 
comparison of the igloo in polar regions with the open-sided palm-thatched structure in tropical 
zones. The forms of houses in the same climate can vary also, however, because of the use of different 
building materials. In Mexico, for example, the introduction of reinforced concrete has spawned a 
collection of flat-roofed houses that contrast sharply with the traditional sloped roof made of timber 
covered with clay tiles. The culture of the people being housed also has considerable influence on 
house form. Native American tribes who were nomadic built dwellings such as tepees that were easily 
folded and transported, while rooted tribes from the same region built stationary houses of earth, 
stone, and wood. 

The modern North American house has evolved largely from 16th-century timber-framed houses 
that had been developed in response to the climate, materials, and culture of northern Europe (Figure 
1.3). Early pioneers landing on the eastern shores of North America found a new homeland rich with 
timber that had to be cleared to make way for development, so it was logical to use wood for the 
construction of new houses. The settlers soon discovered, however, that the European tradition of 
exposed timber frame was inadequate in the harsher climate of the New World, so they developed an 
exterior skin of clapboards to protect the frame (Figure 1.4). This wooden structure and its details 
evolved over the years in response to changes in tools, transportation, and social norms. Other building 
materials and systems such as brick and stone masonry developed simultaneously, but were never as 
prevalent in North America as the clapboard-clad timber-framed building. 

Then, in the 1840s, after more than 300 years of development, the heavy timber frame yielded its 
preeminence almost overnight to a new system of construction, the wood light frame. The emergence 
of the light frame was made possible by two technological developments: mass production of the 
inexpensive wire nail and the ability of water-powered sawmills to cut large quantities of consistently 
dimensioned lumber. These developments allowed the large timbers and complicated connections of 
the traditional timber-framed buildings to be replaced with numerous small structural pieces, simply 
connected (Figure 1.5). The advantages of the wood light frame over its predecessor were so numerous 
and compelling that it has dominated residential and other small-scale construction for the 150 years 
since its introduction, and it still shows no sign of giving way to other systems. Today, the wood light 
frame accounts for over 90 percent of all new site-built residential construction and is the basis for 
most factory-built housing as well. 
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FIGURE 1.1 

The Roman domus, developed more than 2000 years 
ago, had individual rooms for common daily functions 
and was built around a central courtyard that helped to 
cool the rooms naturally. (From Peter Hodge, The Roman 
House: Aspects of Roman Life, Longman Group, Lid., 
London, 1975) 


FIGURE 1.2 

A traditional Japanese house from the Nara period, 
AD 710-784. The house had both open and closed 
spaces, and the enclosed indoor space had no 
permanent partitions. Houses such as this have 
influenced traditional Japanese house design and 
construction to the present day. (From Nishi Kazuo 
and Hozumi Kazuo, What Is Japanese Architecture? 
Kodanshu International, Ltd., Tokyo, 1985) 
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FIGURE 1.3 
European timber house forms generally 


followed a progression of development 
from crude pit dwellings, made of earth 
and tree trunks, to cruck frames to 
braced frames. 
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The North American climate was more severe than the European climate, 
so early pioneers found a way to wrap the wooden frame with cladding, 
protecting it more securely from the weather than the exposed half- 


PIT DWELLING CRUCK FRAME BRACED FRAME 


timbers of European houses. This example, built in Essex County, Mas- 
sachusetts, is still standing. (Photo courtesy Library of Congress, Prints and 
Photographs Division, Historic American Buildings Survey, Reproduction Number, 
HABS, MASS, 5-TOP, 1-6) 


FIGURE 1.5 
The wood light frame uses 
less material and less labor 


to construct than does its 


predecessor, the timber 
frame. For lateral stability, 
light framing relies on 
sheathing such as plywood 
applied to the exterior 


of the frame. 
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A BUILDING CULTURE 


Houses are built within the context of 
the many individuals and institutions 
that affect their design and construc- 
tion. In primitive and vernacular so- 
cieties, the context is relatively local 
and involves few people. The head of 
a household might acquire a piece of 
land through the family, formulate 
a simple design based on local tra- 
ditions, consult with a local builder 
about schedule and cost, arrange 
for the purchase of local building 
materials, and work together with 
the builder using traditional meth- 
ods to build the house. The building 
of a house today in North America 
involves a much more complex 
process and many more participants. 
Nonetheless, all these participants 
are instrumental to the success of 
the project, and all are connected to 
what can be called a residential build- 
ing culture—a network of people and 
institutions, which we will call “sub- 
cultures,” that are directly or indi- 
rectly dedicated to the production of 
houses. The principal subcultures are 
discussed in the following paragraphs 
and in later chapters of this book. 


Contractors and 
Subcontractors 


At the center of today’s residential 
building culture are the contractors 
and subcontractors whose job it is to 
construct houses. These people— 
carpenters, plumbers, masons, elec- 
tricians, and myriad others—devote 
their professional lives to assembling 
materials in concert with one another 
to make houses. Their work depends 
on direct contributions from many 
other sectors of the building culture 
such as designers, material suppli- 
ers, and code enforcement agencies. 
Indirect contributions from realtors, 
financial institutions, educators, and 
publishers also play an important 
role in their work. Contractors and 
subcontractors are discussed exten- 
sively in Chapter 2. 
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Builders and Developers 


Builders bring together and coordi- 
nate the numerous parts of an entire 
building project for the purpose of 
offering it for sale or rent. The build- 
er purchases a building lot, obtains 
financing, hires the designers and 
other consultants to produce plans, 
hires the contractor to do the con- 
struction, markets the project, and 
sells or rents it. Builders can work on 
one house at a time or can build large 
tracts of houses or large multifamily 
structures. 


Whereas builders are the entre- 
preneurs who produce houses for 
sale, developers are entrepreneurs who 
produce building lots. Developers pur- 
chase large tracts of land, contract for 
the design of roads and utilities, obtain 
the necessary governmental permis- 
sions to develop the land, contract for 
the installation of roads and utilities, 
and sell the divided land as building 
lots. Developers often expand their op- 
eration to become builder/developers, 
and builders likewise can expand in the 
other direction. Nonprofit builder/ 
developers produce affordable housing 


FIGURE 1.6 

The North American wood light 
frame building system is now used 
extensively in Japan, where its 
resistance to earthquakes makes 

it most practical. (Photo by Rob 
Thallon) 


FIGURE 1.7 

Large retail outlets such as this 
provide one-stop shopping for 
professional builders and home- 
owners alike. Because of the large 
volume of building materials, 
tools, and books sold at these out- 
lets, prices are usually competitive, 
and building professionals receive 
an additional discount. (Photo by 
Rob Thallon) 
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for rent or sale to low-income families 
or individuals. Builders and developers 
are discussed further in Chapter 2. 


Designers 


The members of the building culture 
most responsible for communication 
are the designers. This group includes 
architects, building designers, engi- 
neers of several kinds, landscape archi- 
tects, landscape designers, and interior 
designers. They are responsible for 
being knowledgeable about current 
building practices, understanding and 
interpreting the various codes and laws 
that regulate building design, having 
a current understanding of the avail- 
ability and performance of building 
materials, and integrating all these fac- 
tors into designs that are appreciated 
by their clients. These various partici- 
pants in the role of residential design 
are discussed further in Chapter 3. 


Material Manufacturers 
and Distributors 


There are thousands of companies, 
large and small, that manufacture 
and sell the materials and assemblies 
used to construct houses. The manu- 
jfacturers generally sell their goods 
wholesale to retail stores, which, in 
turn, sell to contractors and to the 
general public. Contractors, because 
they are frequent customers who of- 
ten buy in volume, usually are offered 
a discount at the retail outlets. Prod- 
uct information in both printed and 
electronic form is distributed to con- 
tractors and designers and is dissemi- 
nated to the general public via com- 
mercial advertising in periodicals. 
Building material manufacturers 
have also formed a large number of 
organizations that work toward the 
development of technical standards 
and the dissemination of information 
with relation to their respective prod- 
ucts. The Western Wood Products 
Association (WWPA), for example, 
is made up of producers of lumber 
and wood products. It carries out 


FIGURE 1.8 
Lumberyards play an important role in residential construction. Based on a set of 
building plans, an employee of the yard will estimate the quantity of lumber that is 
required to build a project and will furnish a competitive bid for the entire package 
of lumber, delivered to the building site. Yards prefer doing business with contractors 
who organize their work so that deliveries can be concentrated into five or six truck- 


loads for an average-sized house. (Photo by Rob Thallon) 


programs of research on wood prod- 
ucts, establishes uniform standards 
of product quality, certifies mills and 
products that conform to its stan- 
dards, and publishes authoritative 
technical literature concerning the 
use of lumber and related products. 
Associations with a similar range of 
activities exist for virtually every ma- 
terial and product used in building. 
All of them publish technical data re- 
lating to their fields of interest, and 
many of these publications are indis- 
pensable references for the architect 
or engineer. A considerable number 
are incorporated by reference into 
various building codes and standards. 


Realtors 


Realtors are the salespeople of the 
building culture and play a critical 
role in marketing houses built for 
sale. They are responsible for know- 
ing what the buying public wants in 
a house and for selling or renting 


houses as they are built. Because real- 
tors have direct contact with consum- 
ers and are in a position to learn their 
desires, they are frequently queried by 
resourceful builders who are trying to 
discover new design features that will 
make their houses more marketable. 
New speculative houses are typi- 
cally advertised and sold by realtors 
via a listing agreement under which real- 
tors assume numerous responsibilities, 
including negotiating the price of the 
house, the terms of the sale, and the 
conditions of the contract, with par- 
ticular attention paid to the aspect of 
financing. For this service, realtors are 
generally paid a percentage of the cost 
of each house sold. Large builder/ 
developers will often create their own 
real estate company for the purpose of 
marketing and selling their own houses. 


Regulatory Agencies 


Building design and construction are 
regulated by zoning ordinances and 


building codes written for the purpose 
of providing safe and healthy built en- 
vironments. Zoning ordinances are local 
laws that divide the locality into zones 
and regulate such things as what kinds 
of buildings may be built in each zone 
and to what uses these buildings may 
be put. For example, these regulations 
restrict the use of buildings within resi- 
dential zones so that dangerous or ob- 
noxious activities do not get mixed in 
with houses. Within residential zones, 
the minimum size of lots, the distance a 
house must be from the property line, 
requirements for offstreet parking, 
and maximum fence heights are typi- 
cally regulated. Buzlding codes are de- 
signed to ensure structural safety and 
a healthy living environment within 
the house itself. The sizes of structur- 
al members, minimum standards for 
plumbing and wiring, minimum ceiling 
heights, the design of stairs and hand- 
rails, and provision for emergency es- 
cape are all examples of the regulations 
found in the building codes. Zoning 
ordinances and building codes are 
further discussed later in this chapter. 


Financial Institutions 


Most residential construction projects 
require financial resources beyond 
the immediate means of the owner. 
Banks and other financial institutions 
provide capital for the projects in the 
form of long-term loans to qualified 
owners. The ability to resell a house 
if the owner defaults on payments is 
a primary concern of lending institu- 
tions, so they are less inclined to loan 
money for the purchase of houses 
that appear to be very different from 
the norm. Financial institutions are 
further discussed later in this chapter. 


Educational and Research 
Institutions 


Most designers and builders have 
some formal training. Architects are 
required to have at least a 5-year pro- 
fessional degree, and most plan ser- 
vice drafters have taken courses in 
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drafting and residential construction. 
Many courses in both the business and 
the physical skills required of their 
specialties are offered to contractors 
and subcontractors. Some contractors 
and subcontractors are required to be 
licensed, and there are sanctioned 
courses offered by different institu- 
tions for this purpose. The training 
of residential designers is explored in 
Chapter 3, and that of builders and 
contractors is discussed in Chapter 2. 


Associations 


There are many associations that re- 
late to the design and construction 
of houses. The American Institute of 
Architects (AIA) and the National As- 
sociation of Home Builders (NAHB) are 
two of the largest such associations, 
and there are numerous other orga- 
nizations of manufacturers, building 
trades, and other groups within the 
building culture. Hybrid groups that 
include members from several dis- 
ciplines also exist. For example, the 
International Code Council (ICC), 
which is responsible for writing build- 
ing codes, includes architects, build- 
ers, and building code officials. 


Publishers 


The publishing industry has long 
been an integral part of the residen- 
tial building culture. For hundreds of 
years, periodicals have advertised the 
latest building materials, tools, and 
other products (Figure 1.9). Popular 
magazines such as Better Homes and 
Gardens, Sunset, and Home have carried 
articles about design, while others 
such as Builder and Fine Homebuilding 
have focused on construction. Books 
and journals are devoted to a variety 
of related topics. Recently, there has 
been a proliferation of how-to books 
for the do-it-yourself (DIY) market. 
Whether the motive is advertising or 
education, the most successful pub- 
lished materials come from sources 
with strong connections to the build- 
ing culture and especially to the de- 
sign and construction processes. 


METALLIC SHINGLES 
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make the most durable and ornamental roof in the 
world. The only shingle manufactured from metal 
that makes an absolutely tight roof. Send for fall 
descriptive circwar and new prices to 


ANGLO-AMERICAN ROOFING CO., 
22 Cliff Street NEW YORK. 


FIGURE 1.9 

Ads such as this one from the year 1882 
have appeared in popular journals for as 
long as the journals have existed. Many 
modern ads refer to Web pages and/or 
offer free demonstration videos or 
compact discs (CDs). (From Builder and 
Wood-Worker, Vol. XVII, Chas. D. Lakey, 
New York, 1882) 


CONSTRUCTION SYSTEMS 


For the past 150 years, most houses in 
North America have been built using 
wood light frame construction, which 
is the most flexible of all building sys- 
tems. There is scarcely a shape it can- 
not be used to construct, from a plain 
rectilinear box to cylindrical towers 
to complex roofs with dormers of ev- 
ery description (Figure 1.10). Since it 
first came into use, wood light fram- 
ing has served to construct buildings 
in styles ranging from reinterpreta- 
tions of nearly all the historical fash- 
ions to uncompromising expressions 
of every architectural philosophy 
of the last 100 years. It has assimi- 
lated without difficulty a succession 
of technical improvements in build- 
ing: gas lighting, electricity, indoor 
plumbing, central heating, air condi- 
tioning, thermal insulation, prefab- 
ricated components, and electronic 
communications. 
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FIGURE 1.10 
The Carson House, built in 1885 in the Queen Anne style for a lumber baron in 
Eureka, California, is one of the most elaborate residential forms ever built and 
stands as a testament to the versatility of the wood light frame. (Courtesy of University 
of Oregon Visual Resources Collection. Original photography by Michael Shellenbarger) 


Wood light frame buildings are 
easily and swiftly constructed with a 
minimal investment in tools. Many ob- 
servers of the building industry have 
criticized the supposed inefficiency of 
light frame construction, which is car- 
ried out largely by hand methods on 
the building site, yet it has successfully 


fought off competition from industri- 
alized building systems of every sort, 
partly by incorporating their best fea- 
tures, to remain the least expensive 
form of durable construction. 
However, wood light frame 
construction has its deficiencies: If 
ignited, it burns rapidly; if exposed to 


dampness, it decays. It expands and 
contracts by significant amounts in re- 
sponse to changes in humidity, some- 
times causing chronic difficulties such 
as cracking plaster, sticking doors, and 
buckling floors. The framing itself is 
so unattractive to the eye that it is sel- 
dom left exposed in a building. These 
problems can be controlled, however, 
by clever design and careful workman- 
ship, and there is no arguing with suc- 
cess: Frames made by the monotonous 
repetition of wooden joists, studs, and 
rafters are likely to remain the num- 
ber one system of building in North 
America for a long time to come. The 
wood light frame system is described 
in detail in Chapters 7 to 21. 

If 90 percent of all site-built resi- 
dential construction consists of light 
wood frame, the remaining 10 per 
cent is divided among several other 
residential construction systems. In 
some regions of the South, loadbear- 
ing masonry is the dominant system. 
Throughout the continent, other sys- 
tems such as timber frame, light-gauge 
steel frame, insulating concrete forms, 
insulated masonry, and panelized 
construction are used in significant 
numbers of dwellings. These systems 
are important for their roles in de- 
veloping new materials and building 
methods and for inducing innovation 
in the dominant wood light frame sys- 
tem. These less common systems are 
discussed in Chapters 23 to 27. 

The manufactured housing in- 
dustry factory-builds entire houses 
as finished boxes, often complete 
with furnishings, and trucks them 
to prepared foundations where they 
are set in place and made ready for 
occupancy in a matter of hours (Fig- 
ure 1.11). If the house is 14 feet (4.27 
m) or less in width, is constructed 
on a rubber-tired frame, and is com- 
pletely finished in the factory, it is 
known as a mobile home. If wider than 
this, or more than one story high, it 
is built in two or more completed sec- 
tions that are joined at the site and is 
known as a sectional home or modular 
home. Mobile homes are sold at a frac- 
tion of the price of conventionally 
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FIGURE 1.11 

This manufactured house was 
trucked to the site in sections, 
which were joined together as 
they were placed on the site- 
built concrete foundation. 
The garage will be built at the 
site because garages, having 
no framed floors, are difficult 
to transport and are economi- 
cal to frame on-site. Manu- 
factured houses account for 
approximately 25 percent of 
all new housing in the United 
States. (Photo by Rob Thallon) 


FIGURE 1.12 

Manufactured housing is typi- 
cally single-story construc- 
tion, but some companies 


constructed houses. This is due in 
part to the economies of factory pro- 
duction and mass marketing, and in 
part to the use of components that 
are lighter and less costly and, there- 
fore, of substantially shorter life ex- 
pectancy. At prices that more closely 
approach the cost of conventional 
on-site construction, however, many 
companies manufacture modular 
housing to the same standards as 
conventional construction. Manufac- 
tured housing is an important com- 
ponent of the housing industry but is 
highly specialized. Because the units 
are made in a factory rather than at 
the site, the designs are strongly driv- 
en by considerations of production 
and transport, and their construction 
process is significantly different from 
that of site-built housing. For these 
reasons, manufactured housing is giv- 
(d) en only limited coverage in this book. 


experiment with two-story 
models. This house was set 
on the foundation within a 
matter of hours, but it took 
weeks for the site crew to add 
the porch, finish the trim, 
connect the utilities, and 
complete the painting. 
(Courtesy of Fischer SIPS, 
Louisville, Kentucky) 


TYPES OF RESIDENTIAL 
DEVELOPMENT 


At the present time, houses are built 
| in the United States at the rate of 


J 
, Ale tl i about 600,000 new units per year— 
Say i! WP ddaay a less than half of the totals reached 


2 tine, > in recent peak years. Approximately 
65 percent are single-family detached 
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U.S. Housing Starts and Shipments (in thousands) 


FIGURE 1.13 
2009 U.S. housing production measured in 


(freestanding) dwellings, 33 percent 
are units within large structures (5 or 
more units), and the balance are 
in buildings with 2 to 4 units (Fig- 
ure 1.13). Most new housing is built 


thousands of units, broken down by the num- _—_at the site, but about 130,000 manu- 


ber of separate dwelling units per building. 
(Source: U.S. Census Bureau, 2009, Characteris- 
tics of Housing, June 2010) 


factured houses (representing about 
8 percent of the total) are built in 
factories and shipped to the site each 
year (Figure 1.14). Remodeling of 


2001 2002 2003 2004 2005 2006 2007 2008 

Total 1466 1528 1630 1742 1863 1582 1142 704 

New site-built single- 1273 1359 1499 1611 1716 1465 1046 622 
family housing starts 

Percentage of total 87 89 92 92 92 93 92 88 

Manufactured homes 193 169 131 131 147 117 96 82 

shipped 
Percentage of total 13 11 8 8 8 7 8 12 


FIGURE 1.14 


New site-built single-family housing starts vs. manufactured-home shipments. (Source: Manufactured Housing Institute) 


U.S. Annual Value of U.S. Residential Construction 


FIGURE 1.15 
Annual value of construction put in place: 


2005 2007 : ; ; 
new housing units vs. improvements. 
Billions of Percentage Billionsof Percentage Residential construction accounted for 
Dollars of Total Dollars of Total 44.3 percent of all construction in the 
Total residential construction 647 100 531 United States in 2007. (Source: U.S. Census 
New residential units 485 75.0 359 67.6 Bureau, Annual Value of Construction Put in 
Residential improvements 162 25.0 172 32.4 Place in the U.S.) 
Privately Owned Housing Units 
1995 2003 
Number of Percentage Number of Percentage of Number of Percentage 
Units (1000s) of Total Units (1000s) Total Units (1000s) of Total 

All units 1313 100 1636 100 1848 100% 
One unit total 1066 81 1307 80 1499 81% 

For sale 682 52 913 6 1120 61% 

Contractor built for owner 204 16 208 13 205 11% 

Owner built 146 11 144 9 127 7% 

For rent 33 2 43 2 47 3% 
Two units or more total 247 19 329 20 349 19% 

For sale 51 4 54 3 51 4% 

For rent 196 15 275 17 262 14% 


FIGURE 1.16 


Statistics for privately owned housing units completed in three separate years. (Source: U.S. Census Bureau: Characteristics of New 


Housing, 2003) 


existing houses is more difficult to 
quantify because it includes projects 
that range in scope from a new window 
to an addition larger than the original 
house. However, it is clear that remod- 
eling is a substantial component of the 
residential construction industry. The 
U.S. Census Bureau estimates that 
residential remodeling in the United 
States in 1999 accounted for $99 bil- 
lion in economic activity, about 28 per- 
cent of the value of all new residential 
construction (Figure 1.15). 

In Canada in the year 2009, more 
than 149,000 units were built, 51 per 
cent of which were single-family de- 
tached houses. 

Houses are built for a number of 
different reasons, depending princi- 
pally on who pays for their construc- 
tion (Figure 1.16): 
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¢ Many are built for personal use 
and are financed from start to finish 
by the future owner. Houses in this 
category are virtually always single- 
family detached dwellings, although 
a few are condominium units within 
larger buildings. 

¢ Houses may also be built for profit, 
either to be sold or to be rented by 
entrepreneurial housing developers. 
This activity is called speculative build- 
ing and accounts for more than half 
of all housing units built each year. 
Speculative houses built for sale are 
most likely to be detached dwellings, 
whereas speculative rental housing is 
usually consolidated into large build- 
ings. 

e Finally, low-cost houses intended 
for low-income families are built for 
the public good by government or 


nonprofit agencies. Like houses built 
for profit, affordable housing can be de- 
tached or part of a large structure, for 
sale or for rent. 


The most popular form of resi- 
dence in North America has always 
been the single-family detached house. 
In 2003, 1.5 million detached units 
were built, representing 92 percent 
of all site-built residential construc- 
tion activity (Figure 1.13). Symbolic 
of independence, family life, and a 
connection with nature, the single- 
family detached house has evolved 
through numerous styles, including 
Colonial, Federal, Victorian, Bunga- 
low, and Ranch (Figure 1.17). In a 
survey of prospective buyers conduct- 
ed by Professional Builder magazine, all 
respondents indicated a strong pref- 
erence for the detached unit when 


QUEEN ANNE 1880-1910 


CRAFTSMAN 1900-1930 


FIGURE 1.17 


MODERNE 1920-1940 


The single-family detached house has always been the most popular type of residence in North America. It has been constructed 
in a variety of styles throughout its evolution. (Reproduced with permission from John Milnes Baker, A.LA., American House Styles: A 


Concise Guide, New York, Norton, 1994) 
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Buyer Type 
Type of Home First Time Move-Up Empty Nester Retiree 
Detached production house 50.0 46.1 48.7 42.4 
One-of-a-kind custom house 22.5 42.1 22.0 24.6 
Specialty home 6.6 4.8 1.1 8.8 
Modular, panelized, package home 5.3 2.6 16.2 8.6 
Townhouse 10.1 0.6 3.7 5.2 
Mobile home 1.6 1.8 1.2 2.8 
Condominium in low-rise building 14 _ 5.9 3.0 
Duplex 2.1 0.7 1.2 4.0 
Condominium in high-rise building 0.5 1.3 = 0.7 


FIGURE 1.18 


In a consumer survey, several types of potential buyers were asked, “Which one type of home described is the type you would 
attempt to purchase if you were buying a home at the present time?” Results of surveys such as this influence the construction and 


design of all types of housing. (Source: Professional Builder Consumer Survey on Housing, 1998, Cahners Business Information) 


FIGURE 1.19 

Tracts of identical or similar houses built 
at the edges of existing developments are 
largely responsible for the sprawl of the 
suburbs. Production line repetition and a 
dearth of landscape features contribute 
most significantly to the lack of character 
in these instant neighborhoods. (Photo © 
Bill Owens) 


offered a choice between this and an 
attached house such as a townhouse 
or condominium (Figure 1.18). This 
preference for detached housing has 
been largely responsible for the pro- 
liferation of suburbs since the end of 
World War II. 

The largest number of single- 
family houses are built in ¢racts 
of many units, where developer/ 
builders repeat house plans in or- 
der to reduce construction costs by 
means of production line repetition 
(Figure 1.19). In tracts, a consider- 
able amount of time and money must 
be invested to obtain governmental 
approvals and install infrastructure 
such as roads, storm drains, sewers, 
water lines, electricity, and telecom- 
munications before any houses can 
be built. This large initial investment 
limits the development of large and 
medium-sized tracts to experienced 


developer/builders to whom finan- 
cial institutions will loan the large 
sums of money required for such en- 
deavors. 

The design of housing tracts 
must conform to zoning ordinances 
that stipulate minimum street widths, 
off-street parking requirements, min- 
imum lot sizes, minimum distances 
of buildings from lot lines, maximum 
building heights, and many other 
constraints. These regulations are de- 
signed to avoid infringement of any 
homeowner’s rights and property 
values by the activities of other home- 
owners. A tract that is developed to 
comply completely with these regula- 
tions is called a subdivision, whether 
the houses are all the same or are 
unique (Figure 1.20). Most munici- 
palities also have laws that allow a 
residential tract to be developed as 
a planned unit development (PUD). In a 
PUD, the houses are designed simul- 
taneously with a coordinated site plan 
to assure privacy, individuality, visual 
harmony, and a pleasant neighbor- 
hood environment. A PUD generally 
achieves the qualities that are sought 
by zoning ordinances, but often does 
so without literally complying with 
them. For example, in an area where 
zoning ordinances call for half-acre 
lots, a PUD might achieve this overall 
density by clustering houses in tight 
groupings, each with a small private 
yard or garden, and providing gener- 
ous communal open spaces between 
the clusters. The concept of the PUD 
is that, in recognition of the quality 
of design that can be achieved when 
the entire project is designed by a 
coordinated team of design profes- 
sionals, the literal enforcement of 
zoning ordinances may be relaxed 
(Figure 1.21). 

Many new single-family detached 
houses are built on individual lots, 
independently of the construction 
of other units. These houses may be 
speculative projects offered for sale 
or may be built for or by the owner 
of the lot. Speculative houses on in- 
dividual lots tend to be construct- 
ed by small-scale developers or by 
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FIGURE 1.20 

This subdivision has streets and building lots designed to accommodate houses 

that vary considerably in design from one lot to the next. For the sake of efficiency, 
builders usually repeat several house designs again and again in each subdivision, but 
each design can be built in both its original configuration and its mirror image, and 
small cosmetic features can be introduced for variety. (Photo by Rob Thallon) 


FIGURE 1.21 

The street in this PUD is narrower than normal and the garages are located close to 
the street in order to create an intimate feeling for the residents. Adjustments like this 
to zoning regulations are possible in PUDs because the entire tract is designed at the 
same time by a professional design team. (Photo by Rob Thallon) 
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developers who prefer the variety of 
experience this type of project af- 
fords. The construction of a new resi- 
dence on individual lots by owners 
for their own occupancy is also a very 
common occurrence, accounting 
for as much as 20 percent of all new 
house construction (Figure 1.22). In 
this case, owners either hire a general 
contractor to manage the construc- 
tion or act as the general contractor 
themselves. When acting as general 
contractor, owners may do some or 
most of the work themselves with the 
remaining work performed under 
their direction by subcontractors. 
Large multiunit structures up to 
four stories in height are usually built 


FIGURE 1.23 

A four-story apartment building under construc- 
tion in an urban area. The ground floor will be 
commercial space, and there is a parking garage 
below grade. The parking and commercial levels are 
constructed of concrete, and the upper residential 
floors are constructed of manufactured wood panels 
lifted into place with a crane. This is a common con- 
struction type for urban multiunit housing. (Photo 
courtesy of Rowell/Brokaw Architects) 


FIGURE 1.24 

For rental housing, the design goal is most often to 
maximize density within the guidelines allowed by 
governmental regulations. The more units there are 
on the site, the more income for the owner. (Photo by 
Rob Thallon) 


FIGURE 1.22 

Custom-designed houses, built by or for owners on their own 
lots, account for about one-fifth of all residential construction. 
Custom-designed houses may also be built on speculation. In 
either case, the builder/developers of these unique houses 
tend to be small-volume entrepreneurs who value the challenge 
of variety more than that of efficient production. (Photo by Rob 
Thallon) 


with the same materials and methods 
as single-family residences but invari- 
ably require a larger, more highly 
capitalized contractor to do the work 
(Figure 1.23). Multiunit structures 
are almost always built either for prof- 
it or for the public good and tend 
to be sited as densely as possible. In 
2009, new residential structures with 
5 or more units contained an average 
of 23 units. Because cities, counties, 
and other jurisdictions have regula- 
tions about how many automobile 
parking spaces must be provided for 
each unit, the number of units that 
can be located on a given site often 
depends entirely on the number 
of parking spaces that the site can 
accommodate. Without building a 
parking garage, the greatest density 
can be achieved by covering as much 
of the street level of a site as possible 
with parking and placing the living 
units on the second floor and above 
(Figure 1.24). When units are located 
at ground level, private outdoor yards 
can be obtained at the expense of 
density. 

Multiunit, multistory structures 
are designed and built essentially the 
same as single-family detached hous- 
es but have special problems: 


1. The site planning process is more in- 
volved, requiring more neighborhood 
meetings, necessitating more permits 
and approvals, and taking more time 
than a single residence. Parking and 
the movement of vehicles onto and 
through the site strongly influence the 
building design. 

2. Code requirements are more strin- 
gent with regard to accessibility by 
emergency vehicles and emergency 
egress by occupants. 


3. Building codes require that in- 
dividual units be separated by walls 
or floor/ceiling assemblies that are 
resistant to the passage of fire. Most 
residences in multiunit buildings are 
acoustically insulated as well. 

4. A passenger elevator is required in 
most cases where buildings are three 
or more stories tall. 
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5. Where cars are parked below liv- 
ing units, a garage made of concrete 
or concrete masonry with a concrete 
slab ceiling is required as a way of 
protecting the dwellings from vehicle 
fires. 


ZONING ORDINANCES, 
BUILDING CODES, 
AND OTHER LEGAL 
CONSTRAINTS 


Zoning Ordinances 


The legal restrictions on buildings 
begin with local zoning ordinances. 
The most basic purpose of zoning or- 
dinances is to designate areas of land 
in a town or county for particular 
kinds of uses. In a town or city, some 
areas are designated for commer- 
cial use, some for civic use, some for 
schools, others for residential use, 
and so forth. In rural areas, zones 
are set aside for agriculture, for com- 
merce, for residential development, 
and for other uses. Residential zones 
within urban boundaries are usu- 
ally divided into low-, medium-, and 
high-density areas. The device of zon- 
ing prevents such things as automo- 
bile repair shops or slaughterhouses 
from being located in residential 
neighborhoods and creates a mix 
of residential densities. In residen- 
tial zones, ordinances usually define 
minimum lot sizes, off-street park- 
ing requirements, maximum build- 
ing heights, and setback requirements, 
which dictate how far buildings 
must be from each of the property 
lines. Zoning ordinances often con- 
tain other provisions such as tree- 
cutting restrictions, erosion control 
measures, fencing restrictions, solar 
setback requirements, and sidewalk 
specifications. Copies of the zoning 
ordinance for a municipality are 
available for purchase or reference 
at the office of the building inspector 
or the planning department, or they 
may be consulted at public libraries. 


Building Codes 


Building codes were originally de- 
veloped to protect the occupants of 
a building from careless or unscru- 
pulous builders. In ancient Babylon, 
building codes held a builder ac- 
countable for his work to the extent 
that he was slain if a house he had 
built collapsed and killed the house- 
holder. Engineers of ancient Roman 
arches were required to stand be- 
neath each arch as the formwork was 
removed. Modern building codes still 
make builders and designers respon- 
sible for structural safety, but place 
more emphasis on checking plans 
and verifying workmanship during 
construction and less on penalizing 
the builder or designer for failures. 

Codes that regulate the design 
and construction of residences came 
into existence in the United States in 
response to disastrous fires and un- 
healthy and unsafe living conditions. 
One of the first codes was written in 
the 1630s when the governor of the 
colony of Massachusetts issued a proc- 
lamation forbidding the construction 
of wooden chimneys or the use of 
thatch for roofing. In 1867, the New 
York Tenement House Act called for 
fire escapes, windows for ventilation, 
running water within each building, 
and handrails on all stairways. In 
the 1920s, fire insurance companies 
were successful in setting fire safety 
standards for all major construction 
throughout the United States, and 
it wasn’t long before other inter- 
ests followed suit. The first national 
code intended for adoption by local 
and state governments, the Uniform 
Building Code (UBC), was first pub- 
lished in 1927. 

Since that time, there has been a 
proliferation of codes that prescribe 
minimum standards for building 
design and construction as well as 
specialized codes for plumbing, elec- 
trical wiring, fire safety, mechanical 
equipment, and energy efficiency. 
These codes were called model buald- 
ing codes because they were pre- 
pared by national organizations of 
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local building code officials. Their 
purpose was to provide models for 
adoption by local jurisdictions such 
as states, counties, and cities. In re- 
cent decades, there have been several 
competing model building codes. In 
the western United States and parts 
of the Midwest, most codes were 
modeled after the UBC. In the East 
and other areas of the Midwest, the 
Building Officials and Code Admin- 
istrators (BOCA) National Building 
Code was the model. The Standard 
Building Code (SBC) was adopted 
by many southern and southeastern 
states. The specialized codes such as 
plumbing and electrical codes have 
followed a similar pattern. 

In recent years, the major build- 
ing code organizations have pub- 
lished residential versions of their 
model codes. These specialized 
editions of the model codes were 
intended only for single-family dwell- 
ings and duplexes (two families in 
one building), while larger residen- 
tial structures were subject to the 
standards in the complete codes. 
The residential codes were replaced 
in the 1990s with a single national 
model code created by the Council 
of American Building Officials (CABO), 
an organization with representation 
from all major regional code asso- 
ciations. The CABO One- and Two- 
Family Dwelling Code, published in 
1992 and 1995, combined into one 
document relevant standards from 
the model building codes as well as 
standards from the national model 
electrical and plumbing codes. 

Beginning in the year 2000, 
local code jurisdictions throughout 
the United States began adopting 
the new International Residential Code 
(IRC), which applies not only to one- 
and two-family dwellings, but also 
to townhouses, which are multiple 
single-family dwellings with separate 
means of egress (emergency escape). 
The IRC is drawn largely from its 
predecessor, the CABO code, and in- 
cludes standards for electrical wiring, 
plumbing, and energy conservation. 
The IRC is updated every three years, 


at which time it is made available for 
state and local jurisdictions to adopt 
in its entirety or after revising or ex- 
cluding particular provisions. The 
most recent IRC revision in 2009 add- 
ed a requirement that all new houses 
must have fire sprinkler systems, and 
it increased energy efficiency require- 
ments so that new houses will theoret- 
ically perform 15 to 20 percent better 
than houses built to the specifications 
of the 2006 code. 

Large multifamily residential 
buildings with common means of 
emergency egress are governed by 
the International Building Code (IBC). 
The IBC is revised on the same three- 
year schedule as the IRC, and it is a 
much larger and more complex code 
because it regulates the construction 
of all buildings except those covered 
by the IRC—from the corner store 
to the tallest skyscraper. Canada pub- 
lishes its own model code, the Nation- 
al Building Code of Canada, the most 
recent version of which was issued in 
2005. 

While these model codes for 
residential structures differ in detail, 
they are similar in approach and in- 
tent. Emergency exit requirements 
generally include minimum size and 
maximum sill height dimensions for 
bedroom windows to allow occupants 
to escape and firefighters to enter. 
An automatic fire alarm system, in- 
cluding smoke detectors, is almost 
universally required in residential 
buildings to awaken the occupants 
and get them moving toward the ex- 
its before the building becomes fully 
engulfed in flames. Automatic fire 
sprinkler systems are also sometimes 
required in residential construction, 
and these requirements are likely to 
become more widespread as simpler, 
less expensive sprinkler systems are 
developed. A typical code also estab- 
lishes standards for natural light; ven- 
tilation; structural design; floor, wall, 
ceiling, and roof construction; chim- 
ney construction; plumbing; electrical 
wiring; and energy efficiency. Codes 
will be discussed further in each chap- 
ter as they apply. 


Other Legal Constraints 


The U.S. Occupational Safety and Health 
Act (OSHA) sets safety standards for 
construction operations. Fire insur- 
ance organizations (Underwriters 
Laboratories, for example) exert 
a major influence on construction 
standards through their testing and 
certification programs and through 
their rate structures for building in- 
surance coverage, which offer strong 
financial incentives for more fire- 
resistant construction. 

In addition, an increasing num- 
ber of states have placed legal limi- 
tations on the quantities of volatile 
organic compounds in paints and 
construction adhesives that building 
products can release into the atmo- 
sphere. Most states and localities also 
have conservation laws that protect 
wetlands and other environmentally 
sensitive areas from encroachment by 
buildings. 

Multiple-unit residential build- 
ings must adhere to legal restrictions 
that go beyond the building codes 
that apply to single-family dwellings. 
Access standards regulate the design 
of entrances, stairs, doorways, eleva- 
tors, and toilet facilities for a small 
percentage of dwellings in multifam- 
ily residential buildings to ensure 
that they are accessible by physically 
disabled members of the population. 
The Americans with Disabilities Act 
(ADA) makes accessibility to buildings 
by disabled persons a civil right of all 
Americans. 


BUILDING COSTS AND 
FINANCING 


Building Costs 


Every building project has a budget, 
which plays a crucial role in its design 
and construction. Costs for a typical 
single-family residence include the 
initial cost of the land, the costs of site 
improvements (such as a driveway, 
utilities, and landscaping), materials 
and labor to construct the building, 
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Share of Price Average Cost 


1998 2002 2004 2007 2009 2009 
Finished lot cost 23.6 23.5 26.0 24.5 20.3 $ 76,591 
Total construction cost 54.8 50.8 51.7 48.1 58.9 $222,511 
Financing cost 1.9 2.1 1.8 2.4 1.7 $ 6,375 
Overhead and general expenses 5.7 5.5 5.8 7.0 5.4 $ 20,377 
Marketing cost 1.4 2.4 1.9 2.5 1.4 $ 5,297 
Sales commission 3.4 3.7 3.0 4.3 3.4 $ 12,815 
Profit 9.2 12.0 9.8 11.2 8.9 $ 33,658 
Total sales price 100.0 100.0 100.0 100.0 100.0 $377,624 


FIGURE 1.25 


The construction industry is constantly tracking construction costs. This table shows the cost of doing business as a residential 


developer/builder as a percentage of total unit cost. The cost of design is in the “overhead” category. (Source: NAHB Construction 


Cost Survey) 


building plans or design fees, build- 
ing permit(s), and the cost of financ- 
ing (Figure 1.25). There are rules 
of thumb that can be used to make 
estimates for these various costs and 


to create a pro forma, which is a com- Item Area Unit Cost Cost 
prehensive analysis of estimated costs Main floor 1,853 $155 $287,200 
and returns to establish the feasibility Sn ataaee 1,204 $145 $187,630 
of a proposed project. 

Once a project begins, there is Basement 631 $ 40 $ 25,240 
a series of conversations among the Porches (first floor) 270 $ 60 $ 16,200 
owner, the designer, and the contrac- _ Porch (second floor) 112 $ 75 $ 8,400 
tor in order to establish precise costs Cisse 598 $ 75 § 39,600 
and allocate resources appropriately. 
In some cases, the owner buys ge- — Connector 300 $ 60 $ 18,000 
neric plans and deals directly with Building Total $582,270 
contractors to establish prices and Architectural fees $ 54,000 
maintain quality. A construction cost : ; 

3 i 3 Engineerin 2,600 

can be established either by negoti- e ; 2 $ 
ating with a single contractor or by Permits $ 4,000 
means of a competitive bidding pro- _ Systems development fees $ 4,000 
cess among several contractors. In Site septic $ 4,000 
other cases, the owner employs an ar- Road $ 6,500 
chitect or designer who makes early 
estimates of construction costs based — Landscape $ 26,000 
on rules of thumb and later consults Project total $683,370 


with contractors during the negotiat- 
ing or bidding process to establish 


FIGURE 1.26 


more accurate cost projections (Fig- 
ure 1.26). In all cases, it is ultimately 
the owner who makes the decisions 
that affect the cost and the design of 
a project. 


A cost estimate done by an architect for a client in the year 2007. This type of estimate 
is based on cost per square foot and is done early in the design process. A contractor 
will later determine the actual cost of the house based on bids from subcontractors. 
Construction costs vary considerably from region to region, and permit fees can vary 
significantly according to the jurisdiction. 
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There are a number of variables 
that must be considered when de- 
termining the cost of a residential 
building project. The most important 
of these are the overall size, the com- 
plexity of the design, and the quality 
of materials. Larger houses are gen- 
erally more expensive than smaller 
houses, but the cost per square foot 
tends to be lower for larger houses 
because of the economy of scale. De- 
sign complexity can have a significant 
effect on construction cost. Keep- 
ing the overall building form simple 
and respecting the modular sizes of 
standard materials are key principles 
in projects where affordability is a 
primary objective. Material selec- 
tion can also have a huge impact on 
budget because material costs vary 
so considerably. The cost of a simple 
residence made with the most afford- 
able materials can easily be doubled if 
the same residence is built with more 
luxurious materials. 

Owners must often grapple with 
the difference between first cost and 
long-term value. The first cost is the 
initial cost of construction, and the 


Monthly Expenses 
Mortgage Fuel Total 
Base case home $1057 $124 $1181 
Passive home $1082 $ 74 $1156 
Difference $ +25 $-50 $ -25 


FIGURE 1.28 


A first-cost vs. life-cycle analysis comparing two 2124-square-foot houses in New York 
State, one with an attached sunspace and additional insulation. The first cost of the 
sunspace and insulation was $4400, which translated to an additional $25 monthly 
mortgage payment. With fuel savings, however, the total monthly expenditures for 
the passive home were $25 less than those of the base home, and the initial additional 
outlay was recovered in less than 3 years (and has additional amenities). (Source: The 


Passive Solar Design and Construction Handbook, Steven Winter Associates, Michael J. 
Crosbie, Editor, John Wiley & Sons, Hoboken, New Jersey, 2009) 


tendency of owners is to keep this 
cost as low as possible. Unfortunate- 
ly, a low first cost frequently leads 
to more expenditure in the long 
run. More insulation in the walls of 
a house, for example, can lead to 
lower heating and cooling bills that 
can recoup the initial extra invest- 
ment in a short time (Figure 1.28). 
Higher-quality materials can require 


FIGURE 1.27 
Family cabins and second homes form a significant part of the housing market. Their 


design often references historical or rustic precedents to create an atmosphere differ- 
ent from that of everyday life in the city or the suburbs. (Photo by Rob Thallon) 


less maintenance and add to the over- 
all value of a house when it is sold. 
Numerous examples such as these 
have led to the practice of life-cycle cost 
analysis, which is a long-term analysis 
of construction, operation, and main- 
tenance costs, and is often employed 
in large-scale projects. 

Large residential subdivision 
projects and multifamily structures 
follow the same cost analysis proce- 
dures as a single-family house except 
that the cost of site development is a 
much larger percentage of the cost 
of the overall project, so more evalu- 
ation is required in this area. The 
amount of building construction is 
also more extensive in large projects, 
so the stakes are higher and much 
more attention is given to repetition 
of house or apartment designs in 
order to gain the advantages of the 
assembly line. 


Financing 

Building a house is such an expensive 
endeavor that almost no one can af- 
ford to pay for it out of pocket. Banks 
and savings and loan institutions are 
in the business of lending money for 
this significant investment in return 
for interest, which is a rental cost for 
the money expressed as a percent- 
age of the amount loaned. In order 


to make a loan on the construction 
of a house, a bank needs to be con- 
vinced that the owner has the finan- 
cial capacity to repay the loan over 
time and that the house can be re- 
sold to pay off the loan if the owner 
should fail to make the loan pay- 
ments. The bank assesses the owner’s 
ability to make loan payments on the 
basis of investigation of the owner’s 
credit record and the evaluation of 
recent tax returns. Owners often will 
prequalify for a loan up to a certain 
amount in order to establish a proj- 
ect budget before the house is de- 
signed. The projected resale value of 
a house has a tremendous impact on 
how much financing a bank will pro- 
vide or if financing will be provided at 
all. In order to establish resale value, 
an official of the bank appraises the 
building based on plans and material 
specifications and adds the value of 
the lot to arrive at a total appraised val- 
ue of the developed property as pro- 
posed. To minimize their risk, banks 
usually require that the owner invest 
at least 20 percent of the appraised 
value of a project. 

The traditional mechanism used 
to finance the construction of a house 
is the combination of a construction 
loan while the house is being built 
and a permanent mortgage for the pe- 
riod thereafter. The construction 
loan is generally limited to a period 
of 9 months or less and has an inter- 
est rate that is higher than the per- 
manent mortgage. As construction 
proceeds, progress is verified by an 
agent of the bank, and funds from 
the construction loan are disbursed 
to the contractor. The permanent 
mortgage goes into effect after con- 
struction has been completed and 
runs for a period that may range 
from 15 to 30 years with payments 
due to the bank every month. These 
two loans can be consolidated into a 
single all-in-one loan that is negotiated 
before construction begins at a single 
prevailing interest rate and avoids 
the duplication of closing costs and 
other costs associated with dual-loan 
agreements. 
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ENVIRONMENTAL 
RESPONSIBILITY: 
BUILDING GREEN 


As expanding populations and dimin- 
ishing resources begin to produce 
global-scale environmental impacts, 
there are many who see the need for 
a more environmentally aware ap- 
proach to the way we design and build 
our houses. The construction of well 
over a million new houses per year 
represents the consumption of un- 
imaginable amounts of raw materials, 
the emission of uncountable tons of 
toxic chemicals, and huge long-term 
energy requirements. Even a relative- 
ly small shift in the way these houses 
are designed and built can have a sig- 
nificant impact on resources and on 
the lives of those directly affected by 
their construction (Figure 1.29). 

Those concerned with the envi- 
ronmental consequences of new con- 
struction have organized into various 
groups that promote the cause of 
what they commonly call green build- 
ing. The green building movement 
generally has a comprehensive ap- 
proach to improving the situation 
that includes three strategies: 


1. Improve the energy efficiency of 
buildings by designing and building 
them to use less energy to heat and 
cool. 


Material Weight (Ib) 
Solid sawn wood 1600 
Engineered wood 1400 
Drywall 2000 
Cardboard 600 
Metals 150 
Vinyl (PVC) 150 
Masonry 1000 
Containers 50 
Other 1050 
Total 8000 


2. Improve the resource efficiency of 
buildings by using fewer and better 
materials in their construction. 


3. Lower the toxicity of new build- 
ings to minimize health risks to work- 
ers and occupants. 


Many of these strategies increase 
the cost of constructing a new house, 
but proponents of environmental re- 
sponsibility see no alternative in the 
long run and point out that consumers 
are increasingly aware of the issues and 
expect some response by those who de- 
sign and build the houses they buy. As 
the volume of green building activity in- 
creases, its cost premiums will decrease. 

A discussion of green building 
can be found in a special section at 
the end of most chapters of this book. 


Energy Efficiency 


Environmentally responsible design- 
ers can have a large impact on the 
long-term energy consumption of 
a house. Reduction of energy con- 
sumption starts by making the house 
no larger than needed and by increas- 
ing thermal insulation and other 
weatherizing elements beyond code- 
mandated minimums. The shape of 
the building and its orientation can 
be modified to provide possibilities 
for passive solar heating and passive 
cooling (Figures 1.30 and 1.31). In 


FIGURE 1.29 

Typical construction waste for a new 
2000-square-foot house. Siding material 
was assumed to be vinyl on three sides 
and brick on the street side. (Source: 
NAHB, Residential Construction Waste: 
From Disposal to Management) 
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FIGURE 1.30 

This passive solar house, designed by architect Michael Utsey and built in 1976, 
employs south-facing glass, interior thermal mass, and extra insulation to reduce 
heating and cooling costs. Still popular as a strategy, passive solar heating and cooling 
have received a new impetus in recent years from the green building movement, whose 
goals relate more generally to the environment and to human health. (Photo © Jane Lidz) 


FIGURE 1.31 

A house exhibited on a passive solar home tour in the year 2006. The principles of 
passive solar design have remained constant in the 30 years since the house in Figure 
1.30 was built, but materials and techniques have improved. (Photo by John Reynolds) 


fact, a thoughtful response by the 
designer to the climate and microcli- 
mate can have more impact on envi- 
ronmental issues than any other de- 
sign act for a house of a given size. In 
addition, the selection of an efficient 
mechanical system can make a big 
difference in the amount of energy 
consumed for heating and cooling. 
Low-volume plumbing fixtures con- 
serve water and lower the volume of 
sewage that needs to be treated. 


Resource Efficiency 


The first step toward resource effi- 
ciency is to make the house as small 
as is practical; beyond this, a number 
of smaller steps can also be taken. 
The use of lumber that has been har- 
vested from a certified sustainable-yield 
forest protects timber as a resource 
and lessens the pressure to harvest 
from natural forests with volatile eco- 
systems. The use of materials with 
minimal embodied energy, which is a 
measure of all the energy it takes to 
produce and transport a building 
product, contributes to overall en- 
ergy conservation. The use of materi- 
als with recycled content such as carpet 
made of recycled beverage containers 
and building panels made of recycled 
newspapers reduces the demand for 
natural resources and diminishes the 
volume of landfill (Figure 1.32). The 
detailing of the house to eliminate 
structural framing where it is not 
required and designing to take ad- 
vantage of the standard dimensions 
of building materials can save mate- 
rial, reduce labor costs, and minimize 
construction waste. Finally, the use of 
materials that can be recycled easily 
when the house is ultimately remod- 
eled or demolished will save energy 
and materials in the future. 


Low Toxicity 


Environmentally conscious builders 
use materials that do not emit dan- 
gerous chemicals over their lifetime. 
Carpeting is often a big offender in 
this regard because of the adhesives 


used to bond some types of fibers. 
Certain panel products used for sub- 
flooring and cabinet cores have been 
notorious for emitting harmful form- 
aldehyde gas, but formaldehyde-free 
panels are now manufactured and 
need only be specified. Paint used to 
have a high lead content, but this sit- 
uation has been corrected through 
the efforts of concerned citizens. 
However, many paints still contain 
high levels of volatile organic com- 
pounds (VOCs), which are extremely 
unhealthy for painters, pose health 
risks for future occupants, and pol- 
lute the atmosphere. Paint manufac- 
turers have been developing more 
and more water-based coatings that 
are just as durable as solvent-based 
coatings but have much lower VOC 
levels. The issue of toxic building 
materials was first raised by people 
with extremely high sensitivity who 
were falling ill due to the various 
emitted gases. The health dangers 
from these materials were commu- 
nicated to the general public by 
environmental advocates and alert 
journalists, and manufacturers and 
builders have responded, but the 
response has been slow, and much 
work remains for the green building 
movement to accomplish. 


Chapter 1 + The Context for Construction / 23 


BUILDING A HOUSE: 
THE TYPICAL PROCESS 


The construction of a house involves 
a series of steps that vary somewhat 
from project to project but that 
typically follow a similar path (Fig- 
ure 1.33). This path is outlined in 
the paragraphs that follow and is de- 
scribed in detail for a typical wood 
light frame house in Chapters 7 to 
21. For large subdivision or multiple- 
family projects, the first steps are typi- 
cally considerably more complicated, 
but once framing begins, the only 
significant difference between a large 
project and a single-family project is 
one of scale. 


Building Permits and 
Inspections 


After the construction documents 
have been completed, the first step 
in the construction process is the ap- 
plication for a building permit. Plans 
for the building along with engineer 
ing calculations and energy com- 
pliance forms are submitted to the 
city or county building department 
where they are reviewed by various 
plans examiners for compliance with 


FIGURE 1.32 

House moving exemplifies the ultimate 
recycling of building materials. It is sur- 
prising how many worthy buildings have 
been saved from the wrecking ball by this 
practice. (Photo by Rodney Douglas II for 
Chris Schoap Building Movers) 


local zoning ordinances and building 
codes. Plans examiners are trained 
to be comprehensive in their review, 
which includes many issues of health, 
safety, energy conservation, and envi- 
ronmental protection. When the re- 
view has been completed, any neces- 
sary corrections have been made, and 
all fees have been paid, a permit for 
construction is issued. 

As construction proceeds, in- 
spections are requested by the 
contractor at designated stages of 
construction, in response to which 
the building department sends an 
inspector to verify the quality of 
the work and its correspondence 
with the approved plans. Building 
inspectors are not the same people 
as plans examiners, although they 
work for the same agency and their 
inspections are based on approved 
plans that are required to be on the 
site. But inspectors see the com- 
pleted work in place, so they ap- 
prove the work or not depending 
on whether all the details of a par- 
ticular phase have been completed 
to their satisfaction. There are usu- 
ally between 15 and 20 inspections 
required to build a new house, and 
the approval of each phase is usually 
necessary in order to begin the next. 
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The bulk of the inspections are con- 
ducted by the building inspector, who 
works for the city or county agency 
that issues the permit, but there are 
also specialized inspectors such as 
a plumbing inspector or electrical 
inspector who may work for state 
agencies. Once all the inspections 
have been passed, the building de- 
partment will issue a certificate of oc- 
cupancy, which will allow the new 
construction to be occupied. 


Contractors Schedule 


Building Site Preparation 


Preparation of the building site for 
construction is the first physical step 
in the building process. The area of 
the site to be occupied by the house 
is cleared, the building is located and 
its corners staked, and a hole is exca- 
vated for the foundation. In addition, 
utilities such as electrical power, wa- 
ter, gas, and phone lines are extend- 
ed to the building site. Sewage and 
storm drain lines are installed. 


Temporary facilities 
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The Foundation 


Construction of a foundation to trans- 
mit the weight of the building into the 
earth is the next step in the construc- 
tion process. Foundations can range 
from a concrete slab poured on top of 
the ground to a basement excavated 
deeply into the site. Foundations for 
large multifamily buildings often in- 
corporate parking garages and thus 
involve much more complicated con- 
struction. 


FIGURE 1.33 

A typical schedule of the work for an 
average-sized house. Notice how many 
different trades are at the site during 

the last week of construction. (Courtesy of 
Treeborn Carpentry, Eugene, Oregon) 
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FIGURE 1.34 

A typical perimeter foundation around a crawlspace. Underfloor plumbing, heating/ 
cooling ducts, and first-floor framing have been completed, and soil has been back- 
filled around the foundation. Next the floor deck will be laid, and wall framing will 
begin. (Photo by Rob Thallon) 


FIGURE 1.35 
The newly begun house in the foreground stands silhouetted against a fully framed 


house. The roof of the framed house has been covered with building paper and the 
windows have been installed to protect the inside so that interior work can proceed 
protected from the weather. (Photo by Rob Thallon) 


Structural Framing 


When the foundation is in place, the 
framing can proceed. With a slab 
foundation that acts as a floor, fram- 
ing begins with the walls. When there 
is no slab, a wooden floor structure 
is constructed on the foundation. A 
framing crew builds the walls, floors, 
and roof with lumber and structural 
wooden panels (Figure 1.35). 


Roofing and Siding 


Exterior finish materials are applied 
to the completed framing to make the 
building weathertight and durable. 
Roofing is applied to the roof, and pro- 
visions are made to gather rainwater 
from the roof and channel it away from 
the building. Windows and doors are 
installed, and the walls are covered with 
siding. Any required exterior painting is 
done. With roofing and siding in place, 
the building is “tight to the weather,” 
and the overall project is about 50 per- 
cent complete (Figure 1.37). 
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FIGURE 1.36 

Large-scale residential projects often em- 
ploy the same wood light frame technolo- 
gy as single-family residences. Separation 
between the units to inhibit the rapid 
spread of fire is achieved with gypsum 
board panels. (Photo by Rob Thallon) 


FIGURE 1.37 

The roofing, windows, doors, siding, gutters, and down- 
spouts complete the weather envelope at the exterior of the 
structural frame. These workers are applying the last of the 
siding. (Photo by Rob Thallon) 


Utilities and Insulation 


While the exterior of the house is 
being finished, the interior utility 
systems are installed. First the plumb- 
ing, then the heating and cooling 
ductwork, and finally the electrical 
wiring are installed within the cavities 
between the studs, joists, and other 
framing members (Figure 1.38). 
When these systems are all in place 
and fastened to the framing, thermal 
insulation is placed into the cavities 
between the studs of exterior walls 
and ceiling joists to form a continu- 
ous thermal envelope around the pe- 
rimeter of the house. 
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Interior and Exterior Finish 


Upon completion of the thermal in- 
sulation, the studs and other framing 
are covered with interior finish mate- 
rials, which are immediately painted. 
Next the flooring and cabinets are 
installed and trim is fastened around 
floors, doors, and windows to cover 
the gaps between the various materials 
(Figure 1.39). To complete the interi- 
or of the house, the finish hardware, 
plumbing fixtures, and_ electrical 


trim are installed, and all remaining 
unfinished surfaces receive a protec- 
tive coat of paint, stain, or varnish. 
Simultaneously with the finishing of 


the interior of the house, the sitework 
is completed with the installation of 
paving, decks and terraces, irrigation 
system, fencing, and planting. 

After the house is occupied, ad- 
justments are often needed, such as 
balancing the heating/cooling sys- 
tem according to the occupants’ pref- 
erence, adjusting the operation of 
doors and windows, touching up the 
paint, and explaining the operating 
and care instructions for equipment. 
In most regions, the contractor must 
warranty the quality of the construc- 
tion for | year after initial occupation 
of the house. 


FIGURE 1.38 

The plumbing, heating/cooling system, 
and electrical wiring are installed inside 
the house before the walls and ceiling 
are insulated and covered with a finish 
surface. (Photo by Greg Thomson) 
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FIGURE 1.39 

Finishing the interior of a house involves workers from more 
than half of the building trades, some of whom are return- 
ing to the job for the second or third time. Drywall hangers 
and tapers, floor installers, tilesetters, cabinetmakers, finish 
carpenters, painters, plumbers, electricians, and others are 
required to complete the work. (Photo by Rob Thallon) 
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FIGURE 1.40 
The W. G. Low House, built in Bristol, Rhode Island, in 1887 to the design of architects McKim, Mead, and White, illustrates both 
the essential simplicity of wood light framing and the complexity of which it is capable. (Photo by Wayne Andrews) 
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Key TERMs AND CONCEPTS 


wood light frame 

contractor 

subcontractor 

builder 

developer 

designer 

manufacturer 

realtor 

listing agreement 

zoning ordinance 

building code 

American Institute of Architects (AIA) 

National Association of Home Builders 
(NAHB) 

manufactured housing 

mobile home 

sectional home 

modular home 


REVIEW QUESTIONS 


1. Who are the professionals involved 
with the production of a typical specula- 
tive house from conception to occupation 
by the owner? How do the participants 
change if the house is built for the owners 
on their own property? 


2. What are the differences between site- 
built and manufactured housing? 


EXERCISES 


1. Have each class member interview a 
residential builder to determine the type 
of work he or she typically undertakes. 
Discuss the range of responses in class. 


2. Repeat the preceding exercise for resi- 
dential architects and building designers. 
3. Obtain copies of your local zoning or- 
dinances and building code (they may 
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understood in the context of examples 
from other parts of the world. 

3. Wright, Gwendolyn. Building the Dream: 
A Socal History of Housing in America. 
Cambridge, MA: MIT Press, 1983. 

A scholarly classic describing the reasons 
behind the form of most American hous- 
ing. More about social history than about 
building. 

4. International Code Council, Inc. 2009 
International Residential Code for One- and 
Twofamily Dwellings. 

This is the model code for all aspects 
of residential construction, including 
detached houses, duplexes, and town- 
houses. Updated regularly. 


speculative building 

affordable housing 

single-family detached house 

tract 

subdivision 

planned unit development (PUD) 

multiunit structure 

setback requirements 

model building code 

Council of American Building Officials 
(CABO) 

International Residential Code (IRC) 

townhouse 

egress 

International Building Code (IBC) 

National Building Code of Canada 

Occupational Safety and Health Act 
(OSHA) 


3. Compare a PUD with a tract develop- 
ment. 


4. What are the advantages and disadvan- 
tages of multiunit development from the 
point of view of the developer? 


5. Explain the differences between zon- 
ing ordinances and building codes. Give 
examples of specific provisions of each. 


be in your library). Look up the appli- 
cable provisions of these documents for 
a house on a specific site. What setbacks 
are required? How tall can the house 
be? How many cars must be able to be 
parked on the site? What are the require- 
ments for emergency egress from the 
house? 


5. Periodicals are an excellent source for 
learning about current thinking in the 
residential building culture. Fine Home- 
building and The Journal of Light Construc- 
tion focus on construction techniques and 
also have articles about tools, materials, 
and design. Builder and Professional Builder 
focus on marketing and business and also 
have articles about materials and design. 
6. Environmental Building News, a peri- 
odical published monthly for the past 
18 years, is the most respected voice of 
the environmental building movement. 
Articles range from site selection to evalu- 
ation of the environmental impact of 
roofing materials. 


Americans with Disabilities Act (ADA) 
first cost 

long-term value 

life-cycle cost analysis 

resale value 

appraised value 

construction loan 

permanent mortgage 

all-in-one loan 

green building 

sustainable-yield forest 

embodied energy 

recycled content 

volatile organic compound (VOC) 
plans examiner 

building inspector 

certificate of occupancy 


6. Explain the general concept of green 
building. What are the particular steps a 
builder can take to implement the prin- 
ciples of green building? 


7. Describe the typical construction pro- 
cess. 


4, Examine ads in your local phone di- 
rectory or inquire at the local chapter of 
the NAHB to find builders who specialize 
in green building. Interview the green 
builder(s) to determine how their work 
differs from common practice. What dif- 
ferent measures would they like to insti- 
tute that they are not able to use now? 
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HISTORY 


Builders in North America have always 
been industrious and inventive. The 
colonists, arriving in a land without 
permanent buildings or a labor force 
to construct them, had to do all the 
work themselves, so they were driven 
to devise labor-saving processes. Thus, 
North America had water-powered 
lumber mills even before the mother 
country, England, did, and brickyards 
and foundries were created in the 
colonies despite discouragement by 
the British Crown. In the beginning, 
American builders adapted imported 
European building methods to their 
more severe climate, but later, they in- 
vented an entirely new system that was 
more flexible, used materials more ef- 
ficiently, and was easier to construct. 
This new system, the wood light 
frame, has been the predominant 
system of residential construction for 
over 150 years and remains so today, 
even as creative builders experiment 
with new systems (Chapters 23 to 27). 

There has been specialization 
in the building industry since it was 
established early in the life of the 
American colonies. The first houses 
were constructed by carpenters who 
made the basic structure of wood and 
masons who laid foundations and 
made the fireplaces of stone or brick. 
The specialized trades of window and 
door making, roofing, plastering, 
and painting soon evolved. In the 
late 1800s, when utilities were intro- 
duced into the house, plumbers, gas 
fitters, and electricians were added to 
the list of specialists. Today, there are 
between 15 and 20 specialized trades 
that work on the average new resi- 
dence (Figure 2.1). 

Standardization of building com- 
ponents and the building process in- 
creases productivity, which translates 
into increased profit for professional 
builders. Standard-sized bricks were 
typically used rather than random siz- 
es of stone for masonry in early build- 
ings because the regular bricks could 
be laid faster, with a repetitive motion. 


Standard-sized doors, windows, and 
other components were adopted at 
an early date because they made con- 
struction easier and communication 
between builders and material suppli- 
ers simpler. The concept of standard- 
ization of the entire building process 
as an assembly line, introduced in the 
20th century, was the ultimate step to 
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speed on-site production. Nowhere 
were the benefits of assembly-line 
production demonstrated more dra- 
matically than at Levittown, a subur- 
ban New York development built in 
the late 1940s, where the developer 
organized the construction process 
into 27 distinct steps and prefabri- 
cated every possible part of the house 
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In the late 19th century, builders had more responsibility for and 


control over the design of a house because there were virtually no codes 


or residential designers. (Photo by Edward Allen) 
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in a shop (Figure 2.2). At the peak of 
production, the builders of Levittown 
built 30 houses per day. Since that 
time, many labor-saving devices such 
as the backhoe, the concrete pump, 
and the pneumatic nailer have fur- 
ther increased the speed of residen- 
tial construction. The introduction of 
factory-assembled components such 
as engineered roof trusses and pre- 
fabricated fireplaces has reduced the 
on-site labor required to construct a 
new house even more. Construction 
efficiency has reached the point that, 
in 2004, the largest residential builder 


in the United States produced over 
105 houses per day (Figure 2.3). 


BUILDERS AND 
CONTRACTORS 


A builder is someone who engages in 
the activity of constructing buildings. 
A contractoy, on the other hand, is 
someone who enters into a legal rela- 
tionship with an owner of a property 
to build the owner’s building or per- 
form other work. Under these defini- 
tions, not all builders are contractors, 


because some _ builders construct 
houses for sale and are not under 
contract to an owner. Neither are all 
contractors builders, because some, 
such as landscape contractors, do not 
engage in the act of making build- 
ings. Further confusion arises because 
the term “builder” is also used loosely 
to mean both builder and contractor 
and specifically to refer to a specula- 
tive builder. In the discussion that fol- 
lows, we will use the term “builder” in 
the general sense to refer to residen- 
tial builders and will qualify the term 
when referring to a specific group. 


FIGURE 2.2 
Capitalizing on the high demand for housing after World War II, Bill Levitt streamlined the residential construction process to 
produce Levittown, New York. The largest development ever constructed by a single builder, Levittown has 17,400 houses and 
about 82,000 residents. As originally built, there were five variations of the Cape Cod-style house, each with about 750 square feet, 
2 bedrooms, 12 bathrooms, and a fireplace. A similar Levittown of 16,000 houses was later built in Pennsylvania. 

(Courtesy of Nassau County Museums Collection, Long Island Studies Institute at Hofstra University) 
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Types of Builders and 
Contractors 


There is a significant distinction be- 
tween builders who produce new resi- 
dences for sale on the open market 
and those who work for a property 
owner to build a new house or re- 
model or repair an existing one. The 
former take on more responsibility 


FIGURE 2.3 


than other builders—procuring land 
for construction, arranging construc- 
tion financing, obtaining a design, 
and selling the completed dwelling. 
These builders are entrepreneurs and 
assume responsibility for making de- 
cisions about a product that must be 
attractive to consumers. If the product 
does not sell at a fair price, the builder 
will fail to make a profit. This endeavor 


Large-volume residential builders compete in the marketplace by carefully managing 
the production of houses that are designed to be easy to construct. The same designs 
are repeated over and over to maximize production line efficiency. (Photo by Rob Thallon) 


FIGURE 2.4 
Labor-saving equip- 
ment speeds the 
construction process 
considerably. At an ef- 
ficiently organized site, 
the same boom truck 
that delivers trusses 
to the roof also lifts a 
tub/shower enclosure 
into place on the 
second floor. (Photo by 
Rob Thallon) 


involves a certain amount of specula- 
tion, and therefore these builders are 
called speculative builders. The latter 
category of builder, called a contract 
builder or contractor, is under contract 
to an owner and takes the risk that no 
profit will be made if the construction 
work under contract takes more time 
or costs more than anticipated. It obvi- 
ously behooves both types of builders 
to run their businesses efficiently in or 
der to make a profit, but the specula- 
tive builder has the potential to recoup 
losses from inefficiencies by raising the 
selling price of the finished house. 

Another important difference be- 
tween builders relates to whether they 
do new construction or remodeling and/ 
or repair to existing houses. Both spec- 
ulative builders and contractors can 
specialize in either type of construc- 
tion, and many do both. Remodeling 
contractors generally work on smaller 
projects and have smaller companies 
than those who do new work because 
all the work is custom, precluding 
large-volume production. Likewise, 
contractors who specialize in building 
new custom-designed houses have lim- 
ited production because each project 
is unique (Figure 2.5). Large-volume 
production of new houses is achieved 
by working on large tracts of repetitive 
units, and contractors achieve success 
in this arena by managing labor and 
materials on the building site as they 
would a housing production line in a 
factory (Figure 2.6). 


Sizes of Companies 


The National Association of Home 
Builders (NAHB) has categorized 
building companies into three groups 
according to size. Those building fewer 
than 25 units per year are small build- 
ers, those building 26 to 100 units per 
year are medium builders, and those 
building more than 100 units per 
year are large builders (Figure 2.7). 
In 2007, small builders accounted for 
96.7 percent of all NAHB member 
builders, having increased their share 
of the total by 38 percent since 1970 
(Figure 2.8). Although small builders 
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FIGURE 2.5 
Custom-designed houses 
such as this take much 
longer to build than do tract 
houses designed for 
efficient construction. Cus- 
tom-designed houses tend to 
be constructed by small-vol- 
ume builders who complete 
only a few projects in a year. 
(Architect: David Edrington. 
Photo by Rob Thallon) 


FIGURE 2.6 

Foundation in the foreground, framed 
house across the street, and finished 
shell in the distance. Large-volume 
builders organize house construction as 
a portable production line. By keeping 
subcontractors busy without having to 
travel between jobs, builders can obtain 
their services for less and offer their 
houses at competitive prices. (Photo by 
Rob Thallon) 


FIGURE 2.7 

Large-volume builders consume materi- 
als so rapidly that they prefer to store 
them adjacent to the houses being 
constructed. Here lumber and other ma- 
terials are stored on developed building 
lots for use in houses being constructed 
across the street. Notice the job shack, 
equipment and material storage trailer, 
and backhoe in the background. (Photo by 
Rob Thallon) 
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Single Family Multifamily 
Size of Number of Percentage Startsper Percentage Number of Percentage Starts per Percentage 
Builder Builders of Total Year of Total Builders of Total Year of Total 
Small volume 73,552 93.0 331,970 38.8 3,329 67.5 30,268 9.5 
(1-24 starts per year) 
Medium volume 4,338 5.6 182,812 21.3 831 18.8 43,216 13.6 
(25-99 starts per year) 
Large volume 1,212 1.5 341,841 39.9 772 15.7 244,746 76.9 


(100+ starts per year) 


FIGURE 2.8 
Builder size as related to number and type of housing starts in the United States. A small number of large builders account for the 
greatest percentage of residential building starts. (Source: U.S. Census Bureau, 2007 Economic Census, Sector 23: Construction) 


FIGURE 2.9 

The management of multiple subcontrac- 
tors is a principal task of every residen- 
tial construction project. The goal is 

to keep the work moving as rapidly as 
possible while avoiding conflicts between 
trades. Larger projects enjoy an economy 
of scale but have unique challenges be- 
cause of their size. (Photo by Rob Thallon) 


Size of Builder 
Small Volume Medium Volume Large Volume 
Price of House (<25 units/year) (25-99 units/year) (100+ units/year) Total 
<$75,000 4 10 7 7 
$75,000-$99,999 10 19 22 19 
$100,000-$149,999 22 31 33 30 
$150,000-$199,999 36 19 22 24 
$200,000-$249,999 9 11 10 10 
$250,000-$499,999 14 8 5 8 
$500,000 and over 5 2 — 2 
Median $169,444 $133,890 $140,000 — 


FIGURE 2.10 
Percentages of houses built within each price range according to size of builder. Prices are of single-family detached houses built in 
1994 and include land. (Source: Gopal Ahluwalia, Home Builders and Their Companies, Housing Economics, NAHB, 1995) 


FIGURE 2.11 
One of the most important tools for the contractor is the pickup truck. Equipped with 


a rack to carry lumber, ladders, and other long objects; a lockable box for tools; and 
a bed to carry large or heavy items, the pickup serves to get workers, equipment, and 
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materials to the job; and the cab is good for coffee breaks and lunch on cold days. 


Many subcontractors prefer vans, large enclosed trucks, or trailers, according to the 
nature of their specialties. (Photo by Rob Thallon) 


Jobs Subcontracted Always (%) Sometimes (%) Never (%) 
Foundations 88 8 4 
Framing 66 19 15 
Roofing 82 13 5 
Doors and windows 72 9 20 
Exterior siding 73 16 11 
Plumbing 96 3 a 
Electrical wiring 97 2 2 
Fireplace 88 8 5 
Drywall 89 10 2 
Interior doors 66 13 21 
Wood flooring 84 11 5 
Carpeting 96 3 1 
Kitchen cabinets 74 14 12 
Kitchen countertops 79 15 6 
Painting 84 11 5 
Concrete flatwork 87 10 3 


FIGURE 2.12 


Portions of residential construction projects that are subcontracted. These data 


indicate that most general contractors subcontract most of the work and are therefore 
principally managers of the construction process. (Source: National Association of Home 


Builders, Economics Department) 


far outnumber medium and _ large 
builders, they produce only about 28 
percent of the houses because many 
small builders produce only one or 
two houses per year. 

Financial success in the resi- 
dential construction industry is not 
necessarily proportional to the num- 
ber of units produced. The mass- 
produced houses built by large build- 
ers generally have lower sale prices 
than houses built by small builders 
(Figure 2.10). This is because numer- 
ous small builders with low overhead 
costs are engaged in building large 
custom houses, while large and medi- 
um builders have high overhead costs 
and generally concentrate on the 
production of lower-priced, repetitive 
units in tracts. So it is not uncommon 
for a small builder who completes 
only one expensive custom-designed 
house per year to make as much mon- 
ey as a medium builder who finishes 
more than 25 units in a year. 


Contractors and 
Subcontractors 


A general contractor is responsible for 
all construction work from start to 
finish. A residential general contrac- 
tor signs a contract with the owner 
to build an entire house, or group of 
houses, or to complete an entire re- 
modeling or repair project. The gen- 
eral contractor, in turn, hires subcon- 
tractors such as plumbers, plasterers, 
and painters to complete specialized 
parts of the work. The subcontractors 
are not employees of the general con- 
tractor, but each has an agreement 
with the general contractor to com- 
plete specified portions of the work. 
General contractors frequently hire 
their own carpentry crew to do the 
framing, siding, and finish trim. In 
addition, general contractors often 
employ their own laborers to move 
materials on the site, to prepare for 
the various subcontractors, and to 
perform other categories of work 
that are typically performed by sub- 
contractors (Figure 2.12). 
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Licensing of Builders 


In most states, contractors and sub- 
contractors are required to be licensed, 
bonded, and insured. The license sig- 
nifies that the contractor has passed 
a government-sanctioned test that 
measures proficiency in the area of 
his or her specialty. For example, a 
general contractor’s license indicates 
that the licensee has a basic under- 
standing of contracts, building codes, 
materials, and construction pro- 
cedures, whereas a plumber’s license 
indicates a specialized comprehen- 
sion of plumbing. Bonding of contrac- 
tors is a form of insurance paid for by 
the contractor to protect the owner 
against nonperformance or fraud. If 
a contractor should fall ill while build- 
ing a project, for example, the bond 
would pay the additional cost beyond 
the original contract sum to hire a 
substitute contractor to complete the 
work. Contractor’s insurance protects 
the owner financially from damage 
to the owner or the owner’s property 
caused by the contractor. 
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OBTAINING WORK 


Because they generate their own 
work, speculative builders do not 
depend for their livelihood on be- 
ing hired by an owner. In this sense, 
speculative builders have an advan- 
tage over contractors because they 
do not have to spend time bidding 
against other contractors for their 
work, nor do they depend on be- 
ing hired by a continuous succes- 
sion of owners. However, speculative 
builders do depend on selling their 
completed projects for a profit in or- 
der to finance the next speculative 
project. 

There are two basic mechanisms 
by which contractors and owners 
come to agreement about contracts: 
direct hiring and competitive bidding. In 
both cases, it is an advantage to the 
contractor to have established a repu- 
tation based on honesty, profession- 
alism, and quality work. When the 
contractor is hired directly, a good 
reputation is essential because there 
is no competition to control the cost 


of the work. When bidding for a job, 
a good reputation is useful because 
the owner and architect together 
usually decide on a list of contractors 
who are invited to bid. 


Competitive Bidding 


Contractors often compete for a 
construction contract by submitting 
competitive bids. Typically, the own- 
er and designer select three or more 
general contractors with experience 
that indicates that they are qualified 
to do the work. The contractors are 
given several weeks to evaluate the 
plans and specifications, secure bids 
from subcontractors, and submit 
comprehensive bids for the entire 
project. The bid price includes the 
cost of all labor, material, subcon- 
tractors, and the contractor’s profit 
and overhead. A proposed schedule 
of the work is usually submitted with 
the bid. Each bid is evaluated against 
the bids of the other contractors, and 
one contractor is selected to do the 
project. 


FIGURE 2.13 

Sponsored by various associations 
of contractors and manufactur- 
ers, local “home shows” showcase 
products and services for the con- 
sumer. Many builders secure work 
through exposure at these annual 
or semiannual events. (Photo by Rob 
Thallon) 
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Producing a bid involves a con- 
siderable investment of time and 
money on the part of each general 
contractor. Hours are spent reading 
the plans to understand in detail 
what is proposed to be built. Each 
general contractor distributes cop- 
ies of the plans to as many as 20 or 
30 subcontractors. Each of these 
subcontractors must prepare a sepa- 
rate bid for the portion of the work 
in which he or she specializes. The 
general contractor must be sure that 
each subcontractor understands the 
scope of the work and includes it all 
in his or her contract without over- 
lapping with the contracts of other 
subcontractors. If the general con- 
tractor is planning to perform some 
of the work, estimates for labor and 
material for this portion of the work 
must be prepared as well. During 
this process of preparing a bid, the 
general contractor or subcontrac- 
tors may contact the designer for 
clarification of the construction 
documents and may make sugges- 
tions to the designer for changes or 
substitutions. 


Direct Hiring 

There are several reasons for an owner 
to hire a contractor directly, without 
competitive bidding. The job may be 
small and not worth the expense and 
the time of the bidding process. Or 
the work may not be clearly defined, 
so that bids would not be precise and 
would have to be high to cover un- 
foreseen circumstances. Or the qual- 
ity of the work or the construction 
schedule may be more important 
than the cost. Perhaps the owner has 
a favorite contractor with whom she 
or he wishes to work. These are but 
a few examples of the myriad situa- 
tions in which the owner would want 
to hire a contractor based on reputa- 
tion rather than on a bid for the cost 
of the work. 

If a contractor is hired directly, 
however, it does not mean that con- 
tractor is working with a blank check. 
Hourly rates for the contractor are 


agreed upon before the project be- 
gins, and if there are subcontractors 
who must be managed, a fee for this 
work is also established. Often when 
a contractor is hired directly, his or 
her estimates and cost accounting are 
furnished to the owner so that both 
parties can search for potential sav- 
ings and keep track of costs. 


Contract Formats 


For a small remodeling or repair job, 
the contract may be just a handshake. 
Often, it is a simple handwritten 
agreement signed by both contrac- 
tor and owner, or it may be a more 
formal contract. Larger projects, 
ranging from the construction of 
a new single-family house to a tract 
or multifamily building, typically re- 
quire a more comprehensive legal 
document. The American Institute 
of Architects (AIA) publishes a set of 
contracts that are commonly used for 
this purpose and specify clearly and 
unambiguously the responsibilities 
of the contractor, the owner, and the 
architect. 

There are two basic formats for 
the contract between contractor and 
owner—the — stipulated-sum contract 
(fixed fee) and the cost-plus contract. 
A contract resulting from competitive 
bidding can take a variety of forms, 
but the most common is the stipu- 
lated-sum contract, under which the 
contractor agrees to build the house 
(or houses) for a fixed amount. 
Changes in the scope of the work 
such as an added window or deleted 
fireplace are kept track of by means 
of a change order. The change order is 
an agreement between the owner and 
the contractor about an adjustment to 
the contract amount due to a change 
in the work. The most serious short- 
coming of the stipulated-sum con- 
tract is that all bidding contractors 
must augment their bids somewhat to 
protect themselves from the possibil- 
ity that an unforeseen circumstance 
such as a dramatic jump in material 
prices may occur. If nothing occurs 
during the course of construction 


to add to the contractor’s cost of the 
work, the owner still pays the full con- 
tract sum. 

When the contractor is hired di- 
rectly, without competitive bidding, 
the agreement between owner and 
contractor is typically spelled out in 
a cost-plus contract, under which the 
owner is to pay the contractor the 
cost of the work plus a fee for manag- 
ing the project. Receipts for materials 
and services (including those of sub- 
contractors) establish the cost of the 
work. Thus, in the cost-plus contract, 
if an unexpected cost occurs, the 
owner pays for it. If some aspect of 
the work costs less than expected, the 
owner is the beneficiary. The contrac- 
tor’s fee can be a fixed figure, or it 
can be a percentage of the construc- 
tion cost. 

The contracts between the gen- 
eral contractor and the subcontrac- 
tors are similar to those between the 
general contractor and the owner. 
When the main contract is a stipu- 
lated-sum contract, subcontractors 
must generally sign a stipulated-sum 
contract as well. When the general 
contractor has a cost-plus agreement 
with the owner, however, the sub- 
contractor may work for the general 
contractor on either a fixed-fee or a 
cost-plus basis. Each general contrac- 
tor typically has a list of preferred 
subcontractors with whom he or she 
has worked. In some cases, contrac- 
tors and subcontractors form a loose 
alliance, agreeing to work with each 
other whenever possible. In other 
cases, they behave as a team, always 
working together. 


Responsibilities of the 
Contractor 


When a contractor signs an agree- 
ment with an owner, he or she assumes 
a number of responsibilities regard- 
ing the execution and completion 
of the project. These responsibilities 
are detailed in a section of the AIA 
contract documents titled “General 
Conditions.” The contractor, whether 
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FIGURE 2.14 

Site construction at a 
subdivision. The concrete 
curbs and gutters have been 
laid at the edges of the 
streets, and a compacted 
gravel base has been in- 
stalled between them. The 
underground utilities are 
being laid in the trench at 
the right as gravel backfill 

is being placed over them. 
The complexity and cost of 
site development on sloping 
sites lead developers to pre- 
fer flat ground. (Photo by 
Rob Thallon) 


a general contractor or a subcontrac- 
tor, is usually responsible for the 
following: 


1. Scheduling of all aspects of con- 
struction related to the contractor’s 
specialty. In the case of the general 
contractor, the scheduling includes 
coordination of all subcontractors 
and their work. 


2. Purchasing of materials and trans- 
porting them to the site and, once 
they are on the site, protecting them 
from theft, weather, and damage. 


3. Installing the materials into the 
house in a professional fashion to 
complete the work as described in 
the contract documents. 

4. Complying with the building 
codes and calling for inspections by 
building officials at the appropriate 
times during construction. 


5. Keeping records of all costs related 
to the project—for the contractor’s 
own records in the case of a stipulat- 
ed-sum contract and for the owner in 
the case of a cost-plus contract. 


6. Warranting the work against de- 
fects in workmanship, generally for 
a period of | year after construction 
has been completed. 


THE RESIDENTIAL 
DEVELOPER 


The Developer 


The business of constructing houses 
has expanded over the years to include 
the development of land upon which to 
build. The residential developer is the per- 
son (or company) who procures land, 
divides the land into legally defined 
building lots, and installs improvements 
such as roads and utilities to serve the 
lots (Figure 2.14). This is usually a 
lengthy process, involving multiple ap- 
provals by local (and regional) zoning 
authorities and coordination with utility 
companies. Nonetheless, by purchas- 
ing in volume and controlling develop- 
ment costs, developers can generate res- 
idential building lots inexpensively and 
make a significant profit on their sale. 


Some developers stop at this 
stage and sell bare lots to smaller 
developers, builders, or individuals, 
while others continue with the de- 
velopment process to profit from the 
construction and sale of houses as 
well. The problem with selling bare 
lots is that it is difficult to control the 
quality of the neighborhood, so lots 
sold in this way are often encumbered 
with deed restrictions that set minimum 
floor areas or mandate particular 
architectural styles for houses built 
upon them. Small developers often 
buy groups of lots in these tracts for 
their own speculative projects. 


The Developer/Builder 


Developers who construct houses for 
sale on the lots they develop are called 
developer/builders (Figure 2.15). Like 
the speculative builder of individu- 
ally custom-designed houses, the de- 
veloper/builder takes a risk that the 
completed project will not produce 
a profit or, worse yet, that it will not 
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sell at all. Thus, all the actions of the 
developer/builder are calculated to 
be efficient and to entice buyers. Seri- 
ous consideration is given to ensuring 
that the location for a new develop- 
ment will be attractive to potential 
buyers—that schools and shopping 
are convenient and that the neighbor- 
hood is safe and aesthetically pleas- 
ing. The design of the new houses (in- 
cluding their sites) is usually tailored 
to meet current preferences among 


average buyers, perpetuating the sta- 
tus quo and often making it difficult 
for marginal sectors of the house-buy- 
ing population to find new housing to 
meet their needs (Figure 2.16). 
There is a wide range of scales 
of residential development—from 
developer/builders who build one or 
two houses per year to those respon- 
sible for thousands of units. In 2004, 
the Pulte Corporation of Bloomfield 
Hills, Michigan, the largest developer/ 


builder in the United States at the 
time, sold 38,612 houses, accounting 
for over 3 percent ofall residential con- 
struction in the country (Figure 2.17). 
The largest developer/builders invari- 
ably have all the expertise needed 
to complete a project with their own 
staffs, or they have subsidiary compa- 
nies that do this work for them. They 
employ land planners and engineers 
to develop buildable lots, architects 
and landscape architects to produce 


FIGURE 2.15 

Construction at the edge of a large subdi- 
vision produced by a developer/builder. 
The design and construction of the 
streets, the lots, and the houses are all 
under the control of the same company. 
(Photo by Rob Thallon) 


FIGURE 2.16 

A typical speculative house offered for 
sale. This house was built in the year 
2000 by Centex Corporation, one of the 
largest homebuilders in the United States 
at the time. Its design was based on mar- 
ket trends in the area where it was built. 
(Photo by Rob Thallon) 
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FIGURE 2.17 
With projects like this all over the country, the largest residential developer/builder in the United States has the capacity to com- 
plete more than 100 houses every working day. (Courtesy of PulteGroup, Inc. Photo © Dunn Aerial Photography) 


designs for development, contractors 
to implement the designs, and realtors 
to market and sell the product. Small 
developers rarely have any of these ex- 
perts on their staffs except that many 
act as their own building contractors. 
These small developers rely on the 
advice of colleagues, realtors, and con- 
sultants hired for specific tasks. 


Financing 

To procure financing for prospec- 
tive projects, speculative builders and 
developer/builders must themselves 
first invest their own “seed money” in 
the project. For large-scale projects, 
land use consultants, planners, 
engineers, and architects must all be 
paid from this seed money to study 


the feasibility of a proposed project 
and to develop schematic plans. For 
single-lot projects, most financial in- 
stitutions require that the speculative 
builder own the lot before a construc- 
tion loan will be considered. 

To obtain the working capital for 
construction, a developer or builder 
will work with a bank or other lending 
institution to obtain a construction loan. 
A construction loan is a short-term 
loan—usually with a 12- to 15-month 
limit—that is secured with the build- 
ing lot as equity or with other precon- 
struction investments or with cash. 
The developer or builder must qualify 
with the bank by means of credit ref- 
erences and/or other credit checks, 
and after the project is appraised, the 
construction loan can be approved. 


Construction loans are interest-only 
loans based on the amount borrowed, 
so the bank releases funds each month 
based on the percentage of work com- 
pleted, and the entire loan amount 
will have been dispersed only after the 
entire project has been completed. 
At completion, the construction loan 
is typically converted to a traditional 
mortgage, which is a long-term loan at 
a lower rate in which the owner pays 
both principal and interest. 


Builders as Designers 


When looking for a design for a specu- 
lative house, a speculative builder is 
primarily concerned with making a 
profit when the house is sold. Major 
factors that are considered include 
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1998 2002 2004 2007 2009 
Building permit fees 0.9 1.3 0.8 1.7 1.9 
Water and sewer inspection 1.0 1.4 1.2 1.6 1.7 
Excavation, foundation, and backfill 9.6 6.9 9.9 7.0 71 
Steel 1.1 0.8 0.3 0.8 0.7 
Framing and trusses 20.2 18.4 21.3 15.8 15.6 
Sheathing NA 0.9 1.4 1.6 1.7 
Windows 3.8 3.3 3.2 2.9 2.8 
Exterior doors 1.1 0.8 0.9 0.9 0.9 
Interior doors and hardware 1.9 1.6 2.4 1.5 1.5 
Stairs 0.4 0.6 0.6 0.8 0.8 
Roof shingles 2.6 2.6 2.2 3.2 3.8 
Siding 4.3 4.2 3.6 5.7 5.8 
Gutters and downspouts 0.6 0.5 0.2 0.4 0.4 
Plumbing 5.9 5.4 5.3 5.4 5.3 
Electrical wiring 3.8 3.3 3.4 3.9 3.7 
Lighting fixtures 1.0 0.8 0.9 1.0 1.1 
HVAC 4.1 4.2 3.7 3.9 4.0 
Insulation 1.4 1.6 1.4 1.6 1.5 
Drywall 5.5 5.3 4.9 5.1 5.1 
Painting 3.8 3.6 3.6 3.4 3.4 
Cabinets and countertops 5.0 4.3 6.6 5.7 5.6 
Appliances 1.3 1.2 1.3 1.7 1.6 
Tiles and carpet 4.8 4.3 4.2 5.0 5.1 
Trim material 3.1 4.1 2.5 3.1 3.3 
Landscaping and sodding 1.8 2.5 2.6 2.8 3.2 
Wood deck or patio 0.7 0.7 1.0 0.7 0.9 
Asphalt driveway 1.5 1.6 1.3 1.4 1.4 
Other 7.7 12.2 8.2 9.7 8.6 


FIGURE 2.18 


Builders are constantly tracking the “hard costs” of construction—those costs that can be directly attributed to the construction of 


the building. The numbers in the table represent percentages. (Source: NAHB Construction Cost Surveys) 


the ability to construct the house ef- 
ficiently, the suitability of the design 
for the area in which it is to be built, 
and the inclusion of features desired 
by the potential buyers. Construction 
efficiency is largely related to sim- 
plicity of form and use of common 
materials and methods. Builders de- 
veloping large tracts gain efficiency 
by repeating the same design and 
achieve variety with mirror-image 
right- and left-hand versions of the 
same design and minor modifications 
to the facades (Figure 2.19). 

Finding the right combination 
of site and design for a residential 
development involves a balance be- 


tween the location of the project and 
the perceived needs and desires of 
the target population. A house de- 
signed for a family with children, for 
example, will be most attractive to 
potential buyers if it is located in a 
neighborhood within a good school 
district and is on a site with sufficient 
room fora yard in which children can 
play. Small or remote sites are most 
suitable for target populations of in- 
dividuals or couples without children. 
Speculative builders must be careful 
to develop or choose a design that is 
of the appropriate size, quality, and 
style for the neighborhood in which 
it is built, because potential buyers 


are generally looking for long-term 
value, which would be compromised 
by a house that starts its life as a white 
elephant. 

Some speculative builders choose 
to start the process of matching site 
and design by selecting a target mar- 
ket and searching for the right site on 
which to build. Others start with the 
site and proceed to determine the 
best kind of house to build on it. In 
whichever sequence the choices are 
made, builders are aided by working 
with realtors and by observing the 
successes and failures of other build- 
ers in the area. In fact, much of the 
inspiration for what to build next 
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comes from scrutinizing the products 
of one’s competitors. This is done at 
annual “tour of homes” and “street 
of dreams” shows sponsored by lo- 
cal builders’ associations or by mere- 
ly driving around to see what has 
been recently placed on the market 
(Figure 2.20). The NAHB tabulates 
buyers’ preferences and publishes 
them frequently, both in print and on 
the Internet (Figure 2.21). 


Designs for houses built by 
speculative builders may come from 
a variety of sources, depending pri- 
marily on the size of the builder 
and the nature of the target mar- 
ket. The largest builders and some 
of medium size employ in-house 
architects, landscape architects, 
and interior designers to generate 
house plans and site plans. This 
team of design professionals usually 


works simultaneously on several 
large projects at different stages of 
development. Independent archi- 
tects and landscape architects are 
often hired by smaller builders of 
multiple-unit projects or by build- 
ers of expensive single-residence 
projects. Small builders often use 
stock plans or low-cost residential 
designers who modify stock plans to 
suit the circumstance. 


FIGURE 2.19 

Large builder/developers 
attempt to achieve a sense of 
variety from house to house but 
incorporate as few actual dif- 
ferences as possible. A few dif- 
ferent floor plans are repeated, 
usually with mirror-image 
versions. Simple changes such 
as different paint colors, differ- 
ent siding on the street side of 
the house, or different porch 
designs add to variety. (Photo by 
Rob Thallon) 


FIGURE 2.20 

A house showcased in the 2000 
Parade of Homes, Denver, 
Colorado. Promotional tours 
such as this are common in 
large and midsized U.S. cities 
and allow local builders to 
demonstrate their products to a 
large audience. Tours typically 
feature a range of houses from 
small, affordable residences to 
large, expensive ones such as 
this. (Courtesy of Laureate Homes, 
luxury home division of U.S. Home 
Corporation) 


Chapter 2 * The Construction Community: Builders, Contractors, and Developers / 45 


Characteristics of New Single-Family Homes: 1997-2008 


1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
Total completed (000s) 1,116 1,160 1,270 1,242 1,256 1,325 1,386 1,532 1,636 1,654 1,218 819 
Central A.C. installed 82 83 84 85 86 87 88 90 89 89 90 89 
2-car garage or more 78 79 81 82 82 82 82 83 84 83 82 80 
1 fireplace or more 61 61 62 60 58 58 58 55 55 53 52 52 
21, baths or more 50 52 53 54 56 55 56 57 59 59 59 59 
2 stories or more 49 50 51 52 53 52 53 52 55 57 56 56 
1 story 49 48 48 47 46 47 46 47 44 43 43 44 
Slab 45 45 47 46 48 50 52 54 53 56 54 51 
Full or partial basement 37 37 36 37 35 34 32 31 31 29 28 29 
4 bedrooms or more 31 33 34 35 37 36 37 37 39 39 38 36 
Brick exterior 21 21 21 20 20 20 20 19 20 21 23 24 
No garage or carport 13 12 12 11 11 10 10 9 8 9 9 12 
2,400 ft? or more _— _— 34 35 38 38 38 39 42 44 45 43 
1,400 ft? or less —_— _ 15 14 13 13 13 12 10 10 10 13 
Average ft? 2,159 2,190 2,223 2,266 2,324 2,320 2,330 2,349 2,434 2,469 2,521 2,519 
Median ft? 1,975 2,000 2,028 2,057 2,103 2,114 2,137 2,140 2,227 2,248 2,277 2,215 
Average lot size ft? 16,675 15,913 16,627 17,826 16,035 16,454 15,788 16,246 16,796 16,959 16,864 18,433 
Median lot size ft? 9,000 8,992 9,071 8,930 8,927 8,612 8,666 8,532 8,847 8,621 8,991 8,854 


FIGURE 2.21 


Characteristics of new single-family homes: 1997-2008. With the exception of the first row and the last four rows, numbers are per- 


centages. Statistics such as these help speculative builders determine what features to include in their houses. (Source: U.S. Census 
Bureau, compiled by NAHB Economics Department) 


Another form of builder as designer 
is the collaboration of the two disci- 
plines in a single design/build firm. 
This type of arrangement is discussed 
in Chapter 3. 


Marketing and Selling 


Most new houses are sold by realtors 
who know how to market them and 
are familiar with the necessary legal 
paperwork. Large builder/developers 
often own a real estate subsidiary, 
which markets and sells exclusively 
their own residences. Small develop- 
ers usually work with a local real estate 
firm with an agreement to give exclu- 
sive rights to market their new houses 
in exchange for discounted fees. 


TRAINING THE 
CONSTRUCTION 
COMMUNITY 


On-the-Job Training 


Construction is an occupation that one 
can learn by doing, and many success- 
ful builders have started their careers 
as assistants and laborers. Builders 
and many of the building trades that 
operate as subcontractors often hire 
young workers eager to start making 
a living, and these beginnings develop 
into vocations. Family construction 
businesses regularly hire young fam- 
ily members as a way of preparing the 
next generation for running the fam- 
ily business. In addition, on-the-job 


training is the best way to learn the 
physical aspects of how buildings are 
assembled. There is no substitute for 
feeling the weight and texture of a 
material in your hand, sensing its resis- 
tance to being cut, fitting it into place, 
and attaching it to the building. No 
laboratory or classroom can impart 
the understanding of the construction 
process that is gained from being in 
the middle of it day after day. Yet on- 
the-job training can be slow, because 
job site efficiency demands that new 
workers perform simple, repetitive 
tasks. In addition, neither the theoreti- 
cal principles of construction practice 
nor the business acumen necessary 
to be financially successful are eas- 
ily gleaned from co-workers intent on 
productivity and camaraderie. 
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Apprenticeships 


Some trades formalize on-the-job 
training by requiring those entering 
their trade to complete an appren- 
ticeship program. The licensed trades 
such as plumbers and electricians 
typically have apprenticeship pro- 
grams, and some unlicensed trades 
such as carpenters often do as well. 
An apprentice plumber, for example, 
must be employed for 4 years by a 
licensed plumber while performing 
in a prescribed range of situations in 
the field. The apprentice must attend 
two courses per year and must pass a 
written examination at the end of the 
apprenticeship period in order to ob- 
tain a journeyman plumber’s license. 


Trade Schools 


The shortcomings of on-the-job 
training may be overcome in trade 
schools, where theory is taught in 
parallel with practical skills. Emphasis 
is placed on exposing students to a 
wide range of experiences, including 
situations where their own skills will 
rub up against those of other trades. 
Some trade schools are independent, 
but most are incorporated into com- 
munity colleges throughout the coun- 
try. Programs in trade schools are de- 
signed to benefit trades both with and 
without apprenticeship programs. 


Builder Associations 


There are many associations that 
disseminate information and _ pro- 
mote the exchange of ideas among 
builders. The largest of these is the 
National Association of Home Builders 
(NAHB), which was founded in 1942 
and now has over 200,000 members, 
including builders (about one-third 
of its members), material manufac- 
turers, realtors, and mortgage lend- 
ers. The NAHB is headquartered in 
Washington, DC, and has state and 
local chapters whose members meet 
monthly. The stated goals of the 
association are to inform members 


about “changes in building products 
and techniques, consumer _prefer- 
ences, marketing, finance, regulation, 
and legislation that affect the building 
industry.” There is an annual nation- 
al convention at which participants 
network, attend classes, and are in- 
troduced to the newest products and 
processes. The NAHB also maintains a 
Web site with a wealth of information 
about the industry, including current 
statistical data about new construction 
by region. In Canada, the comparable 
organization is the Canadian Home 
Builders’ Association (CHBA). 

There are also numerous smaller 
associations that support specific ma- 
terials and trades. Examples include 
the National Concrete Masonry As- 
sociation (NCMA), the National 
Roofing Contractors Association 
(NRCA), and so forth. Each of these 
associations is generally composed 
of members who are contractors and 
material suppliers. 

Building professionals _ have 
joined with material manufacturers 
to form organizations that work to- 
ward the development of technical 
standards and the dissemination of 
information concerning their re- 
spective fields of specialization. The 
Construction Specifications Institute, 
whose MasterFormat™ standard is 
described in the following section, is 
one example. It is composed of inde- 
pendent building professionals such 
as architects and engineers, of build- 
ers, and of members from industry. 


MasterFormat 


The Construction Specifications Institute 
(CST) of the United States and Con- 
struction Specifications Canada (CSC) 
have evolved over a period of many 
years a standard outline called Mas- 
terFormat for organizing information 
about construction materials and com- 
ponents. MasterFormat is used as the 
outline for construction specifications 
for nearly all large construction pro- 
jects in the two countries, including 
most multiunit residential projects. 
It also forms the basis on which trade 


associations’ and manufacturers’ tech- 
nical literature is cataloged and filed. 

MasterFormat was introduced in 
1963 and since that time has under 
gone periodic revisions. Until 2004, 
there were 16 categories or “divi- 
sions” under which products and in- 
stallation methods were cataloged. 
The 2004 version was expanded to 
50 categories, including several that 
are reserved for future expansion. 
For several years of transition, both 
the 16division and the 50-division 
versions were supported by the con- 
struction specification industry, but 
as of January 1, 2010, only the 2004 
edition will be maintained. 

There are 50 primary divisions that 
are categorized into groups and sub- 
groups according to the type of product 
or work being described. The primary 
subgroups and divisions are as follows: 


Procurement 
and Contracting 
Requirements 
General 
Requirements 
Subgroup 


Division 00 


General 
Requirements 
Facility 
Construction 
Subgroup 


Division 01 


Division 02 Existing 

Conditions 
Division 03 Concrete 
Division 04 
Division 05 


Division 06 


Masonry 
Metals 


Wood, Plastics, 
and Composites 


Division 07 Thermal and 


Moisture 

Protection 
Division 08 Openings 
Division 09 Finishes 
Division 10 Specialties 
Division 11 Equipment 
Division 12 Furnishings 
Division 13 Special 

Construction 


Division 14 


Division 21 
Division 22 


Division 23 


Division 25 
Division 26 


Division 27 


Division 28 


Division 31 


Division 32 


Division 33 
Division 34 


Division 35 


Division 40 


Division 41 


Division 42 


Division 43 


Division 44 


Division 45 
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Conveying 
Equipment 
Facility Services 
Subgroup 

Fire Suppression 
Plumbing 
Heating, 
Ventilating, and 
Air Conditioning 
(HVAC) 
Integrated 
Automation 


Electrical 
Communications 


Electronic Safety 
and Security 
Site and 
Infrastructure 
Subgroup 


Earthwork 
Exterior 
Improvements 
Utilities 
Transportation 
Waterway 

and Marine 
Construction 
Process 
Equipment 
Subgroup 
Process 
Integration 


Material 
Processing 

and Handling 
Equipment 
Process Heating, 
Cooling, 

and Drying 
Equipment 
Process Gas and 
Liquid Handling, 
Purification, 

and Storage 
Equipment 
Pollution and 
Waste Control 
Equipment 
Industry-Specific 
Manufacturing 
Equipment 


Division 46 Water and 
Wastewater 
Equipment 

Division 48 Electrical Power 


Generation 


The missing numbers are re- 
served for future expansion of the 
format. Of the 35 divisions that are 
currently active, all but a handful 
would be employed for a multifamily 
housing project, and about two-thirds 
would be applicable to the construc- 
tion of a single-family house. 

Within each division, several levels 
of subdivision are established to allow 
the user to reach any desired degree 
of detail. A six-digit code in which the 
first two numbers correspond to the 
division numbers gives the exact refer- 
ence to any category of information. 
For example, within Division 07, Ther- 
mal and Moisture Protection, some 
standard reference codes are: 


07 20 00 Thermal Protection 

07 30 00 Steep Slope Roofing 

07 31 00 Shingles and Shakes 

07 60 00 Flashing and Sheet 
Metal 

07 61 00 Sheet Metal Roofing 

07 65 00 Flexible Flashing 


Most chapters of this book give 
the major MasterFormat designations 
for the information presented, to 
help the reader know where to look 
in construction specifications and in 
the technical literature for further 
information. The full MasterFormat 
system is contained in the volume ref- 
erenced at the end of this chapter. 


Publications 


Much of the education of those in- 
volved in the building industry, and 
much of their communication, occurs 
in the pages of books, journals, and 
other publications. Of the current jour- 
nals marketed broadly to the building 
industry, Professional Builder is the old- 
est, having begun in 1936 as Practical 
Builder magazine. Another magazine 
with similar objectives is Buzlder, which 
is the publication of the NAHB. Both 


of these publications have articles on 
residential design, construction mate- 
rials and techniques, marketing, and 
business, and both are filled with ad- 
vertisements for building products and 
tools. Other magazines target different 
audiences related to residential con- 
struction. Fine Homebuilding, started 
in 1981, is addressed to custom home 
builders and is also widely read by do- 
it-yourselfers. The Journal of Light Con- 
struction is both comprehensive and 
practical in its approach and is market- 
ed to serious builders and designers. 

Magazines targeted at remodel- 
ers and subcontractors are also widely 
available. Remodeling and Professional 
Remodeler from the Remodelers Coun- 
cil of the NAHB are the principal pub- 
lications for remodeling contractors. 
Each subcontracting specialty has sev- 
eral journals from which to choose, 
ranging from Electrical News to Reeves 
Journal: Plumbing-Heating-Cooling, Wood- 
shop News, and Tools of the Trade. 


GREEN BUILDERS, 
CONTRACTORS, AND 
DEVELOPERS 


The entire construction community 
has been forced to become greener 
because of increased environmental 
regulation instituted through zoning 
and building regulations. In addition, 
the raised awareness of environmental 
issues by residential owners and poten- 
tial buyers has prompted builders and 
contractors to incorporate increasing- 
ly responsible environmental materi- 
als and practices into their work. Some 
developers have chosen to fully em- 
brace green principles and have built 
projects that are certified as green and 
marketed as such (Figure 2.23). Some 
general contractors have found a 
niche in which they can operate a con- 
struction business that caters entirely 
to clients who desire green projects. 
Subcontractors as well have found 
ways to focus on green projects and 
market their services primarily to envi- 
ronmentally concerned clients. 
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FIGURE 2.22 

Images such as this appear 
in newspaper advertise- 
ments all over the country. 
This same image was fea- 


tured in both Pennsylvania 
and Texas. (Courtesy of 
Pulte Corporation) 
=, 
The Monroe Model as photographed at Smithfield Estates. 
FIGURE 2.23 


Some developers have 
chosen to fully engage 
the challenges inherent 
with green building. 
This demonstration 
cottage is at Pringle 
Creek, a 275-acre 
sustainable community 
with social, environ- 
mental, and energy 
goals. The cottage was 
the first residence 

in the Northwest to 
attain a Leadership in 
Energy and Environ- 
mental Design (LEED) 
platinum rating. 

(Photo by Dee Eizwiler) 
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Key TeERMs AND CONCEPTS 


builder 

contractor 
speculative builder 
contract builder 
new construction 
remodeling 
general contractor 
subcontractor 
licensed 

bonded 


REVIEW QUESTIONS 


1. What is the difference between a build- 
er and a contractor? Between a general 
contractor and a subcontractor? 


2. What are the advantages and disad- 
vantages to the owner of direct hiring as 


EXERCISES 


1. Have class members contact a variety of 
residential subcontractors and ask them 
about their training, their methods of ob- 
taining work, and their interactions with 
other trades. Conduct a class discussion 
to compare notes. 

2. Repeat the preceding exercise with 
general contractors who are asked to de- 
scribe their process of building a house 


3. Construction magazines are the best 
source for up-to-date information on 
techniques, tools, and materials for build- 
ers. The most popular general periodicals 
are Fine Homebuilding and the Journal of 
Light Construction. 


4. Management and marketing strategies 
for builders appear monthly in Builder 
and Professional Builder magazines. Both 
publications also maintain Web sites. 


insured 

direct hiring 
competitive bidding 
stipulated-sum contract 
cost-plus contract 
change order 
residential developer 
deed restriction 
developer/builder 
construction loan 


opposed to contract bidding? What are 
the advantages and disadvantages to the 
contractor? 


3. Compare the typical activities of a de- 
veloper to those of a developer/builder. 


from obtaining the job to handing the key 
to the owner. 


3. Visit a local home show and take notes 
about the latest products offered for sale. 
Have a class discussion about how the 
most interesting of these products are 
likely to affect the construction process in 
the future. 


5. Construction Specifications Institute 
and Construction Specifications Cana- 
da. MasterFormat—Master List of Section 
Titles and Numbers. Alexandria, VA, and 
Toronto: CSI and CSC, 2010. 


This book gives the full set of numbers 
and titles under which construction in- 
formation is filed and utilized. 


mortgage 

National Association of Home Builders 
(NAHB) 

Canadian Home Builders’ Association 
(CHBA) 

Construction Specifications Institute 
(CSI) 

Construction Specifications Canada 
(CSC) 

MasterFormat 


4. Discuss the relationship between resi- 
dential builder company size and the type 
and size of houses built. 


5. Why do builders need to be licensed, 
bonded, and insured? 


4. Visit a residential building site and 
document the activities at the site over 
the period of time in which your class 
meets. Translate your notes into a graph- 
ic format that describes the construction 
schedule for the period in which you 
study the site. Extend this schedule to in- 
clude activities at the beginning and end 
of construction. 


¢ History 


¢ Residential Designers 
Architects 
Building Designers 
Owner/Designers 


¢ Consultants 
Engineers 
Landscape Architects 
Land Planners 
Interior Designers 


THE DESIGN 
COMMUNITY 


¢ The Design Process 
Stock Plans 
Custom Design 
Drafting Services 
Design/Build 


¢ Design Sources 


Speculative House Resources 
Custom House Resources 
Technical Resources 

Design Associations 


¢ Communication between 
Designer and Builder 


¢ Green Designers 
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HISTORY 


Hundreds of years ago, when a new 
house was constructed, there were 
no designers to organize the rooms 
and tailor them to the needs of 
the owner. Instead, the design of the 
house was copied from one of several 
traditional models and was adjusted 
in modest ways to accommodate the 
owner’s family and to fit the specific 
conditions of the site where it was 
to be built. This process of arriving 
at a design was almost instinctive 
and usually involved only the owner 
and the builder. The plans for the 
house, if any, were drawn simply for 
the purpose of a contractual agree- 
ment, and the details were left to 
the builder. Styles throughout North 
America were strongly related to the 
simple form of the timber frame 
(Figure 3.1). 

Until the 19th century, the mak- 
ing of a new building was an inte- 
grated set of events in which con- 
siderations of aesthetics, planning, 
structure, and construction were all 
considered to be part of an overall, 
unified effort. In some cases, houses 
were constructed under the direction 


Cape Cod 


A style of cottage developed mainly on Cape Cod, Massachusetts, in 
the 18th and early 19th centuries, typically a rectangular, one- or 
one-and-a-half-story, wood-frame house with white clapboarded or 
shingle walls, a gable roof with low eaves and usually no dormer, 
a large central chimney, and a front door located on one of the 
long sides. 


FIGURE 3.1 


of a single master builder, who was 
expert in all these areas. In other 
cases, the homeowners built their 
new houses themselves, relying on a 
building culture that had evolved to 
the degree that the entire population 
understood basic design principles 
and the qualities and capabilities of 
materials. 

Differentiation of the roles of 
residential designer and builder be- 
gan in the mid-19th century when ar- 
chitects, who were already designing 
churches and civic buildings, were 
hired to act as designers for complex 
multifamily housing projects. Archi- 
tects had also been designing large 
elaborate houses for wealthy clients, 
but this constituted a very small por- 
tion of the residential construction 
market. In the 1920s, new building 
codes related to ordinary single- 
family dwellings created the need for 
a new kind of expert, and architects 
stepped forward to fill that role. The 
two world wars involved architects fur- 
ther with mass housing because of the 
need for efficiency in the use of both 
space and materials. Today, most new 
house construction involves either ar- 
chitects or other residential designers 


Salthox 

A type of wood-framed house found esp. in New England, 
generally two full stories high in front and one story high 
in back, the roof having about the same pitch in both direc- 
tions so that the ridge is well toward the front of the house. 


whose role is quite distinct from that 
of the builder (Figures 3.2 and 3.3). 

With the differentiation of the 
roles of designers and builders, the 
construction of buildings is now a 
much more fragmented process in 
which a number of specialists are 
each responsible for a small, isolated 
part of the overall activity. Of these 
specialists, builders have the most 
complete understanding of how 
materials go together from a practi- 
cal point of view, and designers are 
trained to understand a_ building 
from structural, programmatic, and 
aesthetic points of view. It is true 
that houses are much more complex 
than they were only a hundred years 
ago, and for this reason it is rational 
to expect that their design and con- 
struction will require input from spe- 
cialists. Beautiful buildings, however, 
can be made only by integrating all 
aspects of design and construction 
so that they reinforce one another. 
Therefore, it is now the responsibil- 
ity of the designer to acquire a tech- 
nical understanding equal to that of 
the builder in order to design build- 
ings that resonate with the human 
spirit. 


Dutch Colonial 

Of or pertaining to the domestic architecture of Dutch 
settlers in New York and New Jersey in the 17th cen- 
tury, often characterized by gambrel roofs having curved 
eaves over porches on the long sides. 


Early American house styles had simple forms that were strongly related to the timber frame structure that supported them. (Reprinted 
with permission from Frank Ching, A Visual Dictionary of Architecture, John Wiley & Sons, Hoboken, New Jersey, 1996) 


RESIDENTIAL 
DESIGNERS 


Architects 


Architects are the most highly trained 
of all the professional house de- 
signers. Architects must complete a 
minimum of 5 years in an accredited 
professional program plus 3 years 
of internship before they can sit for 
their professional licensing examina- 
tion. The examination is a nationally 
standardized test that is administered 
by each state. Passage of the exami- 
nation gives a person the right to call 


him- or herself an architect, and it is 
illegal for anyone who has not passed 
the exam to use the word “architect” 
or any derivation of that word in his 
or her title or company name. The 
appearance of the initials A.A. after 
one’s name indicates that the person 
is an architect who is a member of the 
American Institute of Architects (AIA), 
but not all licensed architects choose 
to join this organization. 

The education of architects in 
professional schools is not related to 
housing alone because curricula are 
designed to give students a broadly 
based design education. Studio-based 
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FIGURE 3.2 

Designers of speculative housing must 
interpret the speculator’s marketing 
strategy in physical form. This exercise 
all too often involves merely the adjust- 
ment of existing house plans. Design- 
ers of speculative housing are usually 
instructed by their employer to pay 
particular attention to construction 
efficiency. (Photo by Rob Thallon) 


FIGURE 3.3 

Designers of custom houses meet 
directly with the future owners of the 
house. This gives them the best opportu- 
nity of any residential designer to match 
the particular needs and lifestyle of the 
future occupants with the spaces and 
features of the house. Aesthetics, style, 
and the concept of beauty are discussed 
most frequently with this type of resi- 
dential design project. (Architect: SALA 
Architects, Inc., Minneapolis, Minnesota. 
Photo by Dale Mulfinger) 


design training usually gives a student 
experience in the design of museums, 
libraries, and other building types in 
addition to housing. Technical train- 
ing is similarly general in that schools 
emphasize the principles of construc- 
tion, structural design, and environ- 
mental control rather than specific de- 
tails that relate to housing or any other 
building type or system. Architecture 
students with a primary interest in 
housing can gain specialized training 
in this area, however, by their selection 
of coursework and especially by their 
selection of an architectural firm with 
which to intern after they graduate. 
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Licensed architects are directly 
involved in only about 20 percent of 
all dwelling units built each year in the 
United States. State laws generally re- 
quire that large multifamily residential 
buildings be designed by architects 
and that architects be included in the 
design team for large tracts and subdi- 
visions. Nonprofit agencies and insti- 
tutions that produce affordable hous- 
ing usually hire architects (sometimes 
by a competitive process) to take ad- 
vantage of their expertise in planning, 
space utilization, code interpretation, 
and efficient material usage. Together, 
these instances in which architects are 
hired to design new housing account 
for about 15 percent of all new units. 
The remaining 5 percent of new hous- 
es for which architects are directly 
employed are one-of-a-kind houses for 


individual clients. Some architects also 
produce stock plans that are mass-mar- 
keted to customers whom the designer 
never meets. 


Building Designers 


Building designers are a very diverse 
group with a wide range of training. 
Some have degrees in architecture 
but have either not qualified for or 
not passed the architectural licensing 
exam. Others have only minimal aca- 
demic preparation but have entered 
the field of residential design through 
practical experience in drafting or 
construction. There are no legal or 
educational requirements for assum- 
ing the title of building designer, but a 
certification program administered by 
the American Institute of Building Design 


FIGURE 3.4 

Designers of multifamily housing must 
deal with the difficult issues of privacy, 
security, fire separation, and connection 
to the outdoors. Almost all multifamily 
housing is designed by registered archi- 
tects. (Architects: Bergsund & Associates and 
Dawid Edrington, Eugene, Oregon. Photo by 
Rob Thallon) 


FIGURE 3.5 

The motives of the client have a sig- 
nificant effect on the design of rental 
housing. The student housing on the 
left is privately owned and was designed 
to maximize profit. The university- 
owned student housing on the right was 
designed with student comfort and a 
contribution to the community as high 
priorities. (University Architects: CES/T@E, 
Berkeley, California, and Eugene, Oregon. 
Photo by Rob Thallon) 


(AIBD) leads to the status of Certified 
Professional Building Designer (CPBD), 
allowing a building designer to display 
a credential of competence. In most 
states, the work of building designers 
is limited to single-family or duplex 
residences of limited size and height. 
Even these projects must include the 
calculations of a licensed engineer 
before a building department will ac- 
cept plans for review. Larger projects 
require the active participation of a 
licensed architect or engineer. 
Building designers are respon- 
sible for more residential design than 
all other categories of residential 
designers combined. Residential de- 
signers are also responsible for most 
stock plans that are published. How- 
ever, most of the work of building 
designers occurs in local plan shops 


and drafting services that serve both 
speculative builders and owner/build- 
ers. The more talented residential 
designers compete with architects for 
the middle-income and wealthy clients 
who desire custom-designed houses. 


Owner /Designers 


It is surprising, given the complexity of 
the process, the size of the investment, 
and the significance of the results, how 
many owners with little or no training 
design houses for themselves. This 
would not be so unexpected, however, 
if the emotional connection people 
have with their houses were consid- 
ered at the same time. There is a pre- 
vailing attitude of independence in 
North America, and perhaps as many 
as 10 percent of new houses are de- 
signed by their owners. The word “de- 
signed” does not have quite the same 
meaning in this context as it does with 
architects or building designers be- 
cause owners rarely have the expertise 
to carry their ideas through to working 
drawings adequate for a building per- 
mit. Instead, most owner/designers 
take their ideas to a drafting service, 
a building designer, or an engineer to 
draw up their plans (Figure 3.6). 
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FIGURE 3.6 


Chapter 3 * The Design Community / 55 


CONSULTANTS 


Today’s houses are much more com- 
plicated than they were when master 
builders single-handedly orchestrat- 
ed their design and construction. 
Furthermore, expanding and ever 
more complex building codes make 
house design more challenging each 
year. It is not at all uncommon today 
for a residential designer to hire con- 
sultants for the portions of the design 
work that require specialized train- 
ing, such as structural engineering or 
landscape design. The best designs 
occur when the consultant works in 
collaboration with the architect or 
building designer from the begin- 
ning of a project. 


Engineers 
In custom-designed houses and 
multifamily residences, structural 


problems frequently occur that are 
resolved more efficiently by an engi- 
neer than by an architect or a build- 
ing designer. Such tasks as the design 
of structural stiffening to resist lateral 
loads imposed by earthquakes and 
high winds, the framing of complex 


Although most owner/designers succeed in producing houses of acceptable qual- 


ity, and some even produce delightful results, the potential is high for these largely 


untrained designers to make fundamental design mistakes. This example, located in a 


northern rainy climate, has no roof over the front door. Or is the front door the one 


on the porch overlooking the street, accessible only by walking past the “side” door? 


(Photo by Rob Thallon) 


roofs, and the design of foundations 
for steep sites or unconsolidated soils 
are typically performed by the struc- 
tural engineer. The principal design- 
er of the house hires the engineer as 
a consultant to resolve these issues 
during the design process and passes 
the cost on to the owner. 

Like architects, structural engineers 
are licensed professionals who are 
legally obligated to be familiar with 
building regulations and to take legal 
responsibility for their work. Every en- 
gineer must earn a professional degree 
and pass a licensing exam. In many 
jurisdictions, buildings or groups of 
buildings that require the stamp of a 
professional may bear the stamp of ei- 
ther an architect or an engineer. 


Landscape Architects 


Whereas architects and engineers are 
professionals trained to design build- 
ings, landscape architects are trained 
to design the outdoor spaces around 
buildings (Figures 3.7 and 3.12). 
Large projects such as multifam- 
ily residences, subdivisions, planned 
unit developments (PUDs), and cus- 
tom houses for affluent owners gen- 
erally involve landscape architects. 

Landscape architects are licensed 
in most states much like architects. 
Licensure requires a degree from an 
accredited 5-year program, an intern- 
ship with a licensed firm, and suc- 
cessful completion of a national ex- 
amination. Licensing and continuing 
education are administered by the 
American Society of Landscape Architects 
(ASLA). Many landscape firms and in- 
dividuals practice without a license as 
landscape designers. 


Land Planners 


Land planners are typically employed as 
consultants only on large housing proj- 
ects such as subdivisions, PUDs, and 
multifamily structures. The role of a 
land planner is to analyze the site and 
prepare a design for its division into 
building lots and its required improve- 
ments. The land planner is familiar 
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with governmental approval processes 
and prepares the documents necessary 
for review by governmental agencies 
with respect to roadways, parking, lot 
lines, utilities, drainage, tree preserva- 
tion, and other site-related issues. 

At present, states do not require 
that land planners be licensed, but 
there is a voluntary training program 
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FIGURE 3.7 


through the American Planning Asso- 
ciation (APA) that prepares the plan- 
ner to take a uniform national ex- 
amination. In order to qualify for the 
exam, a candidate must have a 4-year 
degree in planning from an accred- 
ited planning program plus 2 years of 
internship under a certified planner. 
Upon passing the national exam, a 
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Landscape architects are trained to design outdoor spaces that complement the indoor 


spaces of a house. For subdivisions and PUDs, a landscape architect can also design 


streets and open spaces to enhance both community and privacy. (Architect: SALA Archi- 
tects, Inc., Minneapolis, Minnesota. Photo by Dale Mulfinger) 


planner becomes certified as a mem- 
ber of the American Institute of Certi- 
fied Planners (AICP). Certification is 
valued more highly in the public sec- 
tor than in the private sector and is a 
requirement for some governmental 
positions. 


Interior Designers 


Interior designers are trained to bring 
life to interior spaces. They design 
lighting; select colors, cabinetry, 
finish surfaces, floorcoverings, and 
window treatments; and coordinate 
furnishings with the built space (Fig- 
ure 3.9). At the residential scale, most 
are employed directly by owners after 
completion of the construction pro- 
cess or at the very end of construc- 
tion. Architects occasionally work 
with interior designers as consultants 
during the design phase of their 
work, and builders frequently hire 
interior designers to coordinate the 
finishes and furnishings of interior 
spaces for model homes. 

The practice of interior design 
is regulated in approximately one- 
third of the states. In these states, in 
order to call him- or herself an in- 
terior designer, a practitioner must 
have completed a degree in a profes- 
sional school, followed by a period 
of internship and passage of an ex- 
amination. Interior decorators, on the 
other hand, have no requirement for 
formal training and are hired based 
on their good taste and/or their busi- 
ness acumen. 


THE DESIGN PROCESS 
Stock Plans 


Most houses in the United States and 
Canada are built from stock plans— 
plans that are selected by the owner 
from a catalog containing hundreds 
of predesigned houses. The first 
popular catalog of plans to appear in 
print was the book Cottage Residences 
by the architect A. J. Downing, which 
was published in 1842 (Figure 3.10). 
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FIGURE 3.8 

Suburban developments designed 
under the design guidelines of a 
S'* PUD require that the spaces be- 
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tween buildings be carefully planned 
in relation to streets and to all of the 
buildings around them. The best of 
these projects are collaborations be- 
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FIGURE 3.9 

Interior designers and interior archi- 
tects are trained to design interior 
spaces. Cabinetry, lighting design, 
material and color selections, 
window treatments, and furnishings 
all fall within the realm of their ex- 
pertise. (Architect: ABS Architects, New 
York. Photo by Alison Snyder) 
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FIGURE 3.10 
Plans such as this from the architect A. J. Downing’s Cottage Residences, published in 1842, were widely admired and used 
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across the United States. Plan books have kept pace with public taste throughout the decades and remain a major source of 


residential designs. 


Previous to this, house plans were 
found primarily in pattern books that 
were used by carpenters to lay out 
and build traditional houses. Down- 
ing’s book was so well received that it 
went through four editions and was 
followed by numerous other books 
of plans by him and others. In 1846, 
Godey’s Lady’s Book magazine started 
publishing house plans with the offer 
that a more complete set of plans suit- 
able for building could be obtained 
free of charge by writing to the maga- 
zine. Godey’s plans were the first true 
stock plans and were used for the 
construction of thousands of resi- 
dences before the magazine finally 
ceased publication in 1898. The stock 
plan tradition came to be assumed by 
building supply retailers, who bene- 
fited by distributing house plans free 
of charge. 

In the early 1900s, a number of 
enterprising architects and builders 
recognized the potential to sell the 
stock plans that had previously been 
distributed for free. A number of 
stock plan companies emerged and 
flourished during the first half of 


the century. The production of these 
plans was simplified by the fact that 
the residential building profession 
had developed strong traditions, al- 
lowing details for each design to be 
sparse. Most of these companies went 
out of business during World War II 
when there was essentially no private 
residential building, but new compa- 
nies, fueled by the postwar building 
boom, soon took their place. 

Today, the stock plan business is 
a flourishing industry that supplies 
plans for about 175,000 homes year- 
ly in the United States and Canada 
(2006 figures). Stock plans are com- 
monly marketed in catalogs that can 
be found on the magazine racks in 
supermarkets, newsstands, and build- 
ing supply outlets. They are often or- 
ganized thematically under such titles 
as “Country House Plans,” “Vacation 
Homes,” or “100 Top-Selling Plans.” 
Plans are also syndicated in news- 
papers, published in popular home 
magazines, and offered on-line. Typi- 
cally, each design is formatted onto 
a single, magazine-sized page for 
the purpose of giving prospective 


customers an overview. This one-page 
advertisement usually includes a ren- 
dering of the house, a floor plan, a list 
of floor areas, and often a written de- 
scription of the spaces (Figure 3.11). 
The most sophisticated marketers of 
stock plans offer compact discs (CDs) 
with three-dimensional walk-throughs 
of the most popular models and com- 
puterized plan selection based on 
criteria such as floor area, number 
of floors, number of bedrooms, and 
architectural style. 

The consumer may order plans 
through the mail, over the phone, or 
on-line. For $250 to $450, the custom- 
er receives a full set of construction 
drawings, including plans, elevations, 
section(s), foundation plan, interior 
elevations, and outline specifications. 
Additional copies are available at 
greatly reduced prices, and most com- 
panies offer a “construction package” 
of five to eight sets for distribution to 
contractors, subcontractors, and the 
building department. The plan ser- 
vices also offer plans in the form of 
reproducible transparencies that may 
be altered to customize the design. 


The stock plans offered for sale 
today are much more detailed than 
their predecessors and can generally 
be used, often with minor modifica- 
tions, to procure a building permit. 
Because codes differ from jurisdic- 
tion to jurisdiction, stock plan servic- 
es cannot guarantee that their plans 
will meet local codes, but they do 
claim that all plans are drawn to meet 
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the requirements of national model 
codes. Modifications are commonly 
needed to meet structural require- 
ments, which vary considerably from 
region to region. In order to apply for 
a building permit, a site plan must be 
added to the stock plan to inform the 
building department of the proposed 
setbacks from the property line, the 
slope of the site, and the locations of 
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utilities, the driveway, and the septic 
tank if there is one. 

A major drawback of stock plans 
is that they are designed without refer- 
ence to any particular site. This prob- 
lem is illustrated by two houses with 
the same floor plan, one built on the 
north and one on the south side of 
the same street. One of these houses 
will have a sunny front yard, the other 
a sunny back yard, yet the rooms and 
connections to the outdoors all too 
often are not adjusted for this fact. 


Custom Design 


The hiring of an architect or building 
designer to custom-design a house is 
a much more time-consuming and 
expensive process than purchasing 
stock plans, but it can produce far 
superior results. Principal among the 
advantages of a custom-designed house 
are the ability to integrate the house 
with the specific features of the site 
and the potential to tailor the house 
without compromise to the vision of 
the owners (Figure 3.12). 

The process of designing a cus- 
tom house varies considerably ac- 
cording to the type of project and the 
preferences of the participants. When 
an architect designs a house, the pro- 
cess can take 6 months or more and 
the design fees usually equal 10 to 15 
percent of the construction cost of 
the house. The process is very me- 
ticulous and is intended to produce 
a house that meets the client’s wish- 
es in every detail. At a lower level of 
detail and customization, a building 
designer can produce a new design 
for the builder of a moderate-income 


FIGURE 3.11 

Today’s plan books arrive mostly in the 
form of periodicals available at the su- 
permarket. Typical information includes 
a drawing from the street side, a plan 
with the sizes of rooms, and a verbal de- 
scription. Full sets of plans suitable for 
construction can be ordered through the 
periodical. (Courtesy of Homestyles, Inc., 

St. Paul, Minnesota) 
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FIGURE 3.12 


Fallingwater, designed by Frank Lloyd Wright, is perhaps the most famous example of the integration of house 
and landscape. (Photo by Corey Saft) 


FIGURE 3.13 
Sensitive design work by skilled professionals can yield superb results in a custom-designed house. (Architect: Arne 
Bystrom, Seattle. Landscape Architect: Bob Murase, Seattle. Photo by Rob Thallon) 
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speculative tract development in less 
than 2 weeks for a fee much lower 
than that of the architect, but still 
more costly than stock plans. Obvi- 
ously, there are innumerable situa- 
tions between these two extremes, 
and the more time that can be devot- 
ed to a project, the more refined the 
final product will be (Figure 3.13). 
The designer of a custom house 
who is providing full services to a cli- 
ent will perform at least the following 
phases of work, each of which is de- 
scribed in the American Institute of 
Architects (AJA) literature: 


1. Schematic design. The designer ana- 
lyzes the site and distills the needs 
and desires of the owner through a 
series of meetings. This information 
is synthesized into a design that is 
approximate in terms of its size, its 
form, and the arrangement of the 
rooms (Figure 3.14). 


2. Design development. The schematic 
design is refined so that the dimen- 
sions are precise and materials are 


described. 


3. Construction drawings. The devel- 
oped design is drawn in its final form 
to be distributed to the building de- 
partment for permits, to contractors 
for bidding, to the bank for appraisal, 
and to the owner for review and for 
the purpose of making a contract 
u with a general contractor. A written 
specification, which describes the ex- 
pected quality of the work and lists 
the materials in detail, is produced to 
accompany the drawings. 
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4. Contract negotiations. The designer 
assists the owner with the competi- 
tive bidding process or in negotiat- 
ing a contract for construction with 
a general contractor. In speculative 


FIGURE 3.14 

In custom-design work, the house can 
be tailored to a difficult site, and unique 
requests from the client can be incorpo- 
rated without compromise. Schematic 
design sketches such as these form the 
basis of early communication between 
designer and client. 
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work, this phase is often eliminated 
because the owner and contractor are 
one and the same. 


5. Construction observation. The de- 
signer acts as the owner’s represen- 
tative at the construction site, ensur- 
ing that the work is done according 
to the contract and helping to make 
decisions about constructional and 
aesthetic issues. 


Although these phases are de- 
scribed as distinct sequential events, 
the first three or four often overlap. 
Usually, only licensed architects car- 
ry out the full complement of these 
phases. Building designers tend to 
work mostly in the second and third 
phases but may do more. Interaction 


FIGURE 3.15 

Models are used to dem- 
onstrate three-dimensional 
relationships. This model is a 
study of the house illustrated 
in Figure 3.3. (Architect: SALA 
Archatects, Inc., Minneapolis, 
Minnesota. Photo by 

Dale Mulfinger) 


with consultants can and does occur 
during any of the phases, but the best 
work is produced when consultants 
begin to collaborate with the architect 
or designer very early in the process. 


Drafting Services 


Many houses are designed by a build- 
er or owner who takes an ad for a 
stock plan, sketches modifications to 
the design on the back of an enve- 
lope, and takes this to a drafting ser- 
vice or plan shop where it is “drafted 
up.” Not much designing takes place 
at the drafting service, save for add- 
ing a bedroom or two or shifting the 
garage to the opposite side of an ex- 
isting stock plan. Drafting services 


are run by building designers who 
hire drafters and specialize in turn- 
ing simple ideas into a form suitable 
for obtaining a building permit and/ 
or bids for construction. Drafting 
services also do some custom-design 
work, but their primary function is to 
provide low-cost plans to local specu- 
lative builders and owners looking 
for an inexpensive house to build on 
their own lot. 

In mostareas of the country, draft- 
ing services account for a whopping 
70 to 80 percent of all single-family 
plans turned in for a permit. Draft- 
ing services have an advantage over 
national stock plan services because 
the proprietor, usually a building de- 
signer, is attuned to local building 


FIGURE 3.16 


A computer-generated section/elevation study of a custom-designed house. (Courtesy of Fernau © Hartman Architects, Inc., Berkeley, 
California) 
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codes and practices. Drafting services 


First-Time Homebuyers Move-Up Homebuyers . 
usually have their own supply of stock 
Feature Percentage Feature Percentage plans from which prospective clients 
High ceilings 86 Separate tub and shower 89 can choose, and much of their work 
Bay windows 82 Walk-in pantry 78 consists of adjusting these or stock 
Refrigerator 75 Grilltop range 75 DABS Ono ner SOuECes: 
Fireplace in family room 74 His-and-her closets 62 
Ceiling fan in kitchen 72 Matching cabinets/appliances 62 Design/ Build 
Separate laundry room 70 Double oven 58 Design/build firms both design and 
Built-in microwave oven 69 Formal dining room 56 build houses. Designers in design/ 
Ceramic tile in master bath 68 Storage room 55 build firms may. be either architects 
; : : or building designers, and the build- 
Stainless steel kitchen sink 67 Front porch 52 ers often have an interest in design. 
Single oven 66 Bookshelves 51 Many firms consist of a single master 
Separate tub and shower 65 Family room French doors 48 builder. In larger design/build firms, 
Walkeindlossx 63 Ate 39 the communication between design- 
; ; er and builder is improved signifi- 
Walk-in pantry 54 Hardwood entry flooring 33 cantly because the same people work 
Home office 36 with each other on a consistent basis. 
Game room 30 Designers in a design/build firm 
have the advantage of being able to 
FIGURE 3.17 ask questions of the builders during 
The features expected most frequently by various homebuyer groups. Consumer the design process. Builders have op- 
surveys such as this influence builders to instruct their designers to include features portunities to influence the design to 
perceived to be attractive. (Source: Builder, July 1992, Hanley-Wood, Inc.) make it more efficient to construct. 


Because of the nature of the busi- 
ness, most of the work taken on by de- 
sign/build firms is custom designed. 
Clients of design/build firms tend to 
want a custom-designed house or the 
remodeling of an existing house, but 
many design/build firms work for 
public or nonprofit agencies or pro- 
duce their own speculative houses. 
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Builder magazines conduct annual 
polls to gauge public preferences with 
regard to the type, size, configura- 
tion, and style of house (Figure 3.17). 
The data from these surveys are used 
extensively by the designers of specu- 
lative houses and housing. Similar 
kinds of data are available to the de- 
FIGURE 3.18 signer through statistics showing the 
A typical design strategy for creating variety in suburban development is to scramble characteristics of recently purchased 
styles to achieve the appearance of incremental growth over a long period. The houses housing (Figure 2.21). Equally im- 
on this street vary considerably, but designers often struggle to impose different styles | portant to speculative builders and 
on the same floor plan. (Photo by Rob Thallon) their designers are ideas from other 
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successfully built projects in the area, 
which are readily incorporated into 
new designs in the hope that they will 
spawn a fresh success. 


Custom House Resources 


The recent work of other designers 
in the field is a great resource for 
designers of custom houses. Innova- 
tive designs are fervently sought for 
publication by the popular media 
and are therefore available both to 
designers and to the lay public who 
become their clients. In fact, the 
house and garden magazines and 
coffee table books that feature beauti- 
ful and unique residences are one of 
the few components of the building 
culture that does not encourage the 
status quo. They are one of the main 
tools used by clients to inform their 
designers of their preferences, and 
they are used extensively by design- 
ers to illustrate design possibilities to 
their clients (Figure 3.19). 


FIGURE 3.19 

Architects and other designers often disseminate their ideas to the general public 
through publication in the popular media. This house was commissioned by Life 
magazine for its “Life Dream House®, 1999.” (Architect: SALA Architects, Inc., 
Minneapolis, Minnesota. Photo © Karen Melvin Photography) 


FIGURE 3.20 
The building science community and the 
U.S. Department of Energy produce de- 


sign guidelines related to climatic zones 
to assist and encourage the design of 
climate-tuned, high-performance houses. 
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Technical Resources 


Books and CDs on topics ranging 
from framing details to passive solar 
design to standard furniture sizes 
line the shelves of residential design- 
ers’ offices (Figures 3.20 and 3.21). 
Produced independently by material 
manufacturers, trade associations, 
or testing agencies, these references 
are consulted regularly during the 
design process. Numerous organiza- 
tions also have produced Web sites 
intended to assist the residential de- 
signer. These sites deal with issues 
ranging from safety to affordability to 
environmental responsibility, and sev- 
eral examples of these sites are listed 
in the selected references at the end 
of this chapter. 

The building code is, of course, 
an indispensable reference in gener- 
ating a design and resolving technical 
issues. Most building departments 
maintain office hours when design- 
ers can consult with building officials 
to resolve these issues. Local utilities 
may also offer a service to evaluate 
the energy efficiency of a proposed 
design and in some areas may offer 
financial incentives, usually in the 
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w 69" 
o 80%” 
IcF 


BED FRAME 


STANDARD MATTRESS SIZES 


Bunk: 30” x 75”, 33” x 75" 
Dormitory and hospital: 36° x 75” & 80” 
Twin: 39” x 75”, 80" & 84” 
Double: 54” x 75” 
Queen: 60” x 80" & 84” 
King: 76" x 80" & 84" 
Revolving: 24°D x 41°W 
Foldout: 15D x 41°W 
Water bed: Size varies; 
Weight of water 62.4 PCF 

Mattress 

Innerspring: 5/2"-6'/2"D 

Foam: 4°-7'/2"D 
Box spring: 5/2"-9"D 


(varies with mattress— 
height to equal average) 


PILLOW SIZES 


Standard: 26°°L x 20°°W 
Queen: 30”°L x 20’°W 
King: 36°°L x 20°°W 


form of tax credits. When answers to 
technical questions are beyond the 
expertise of the designer, advice is 
sought from a consultant such as a 
structural engineer. 


Design Associations 


There are several professional associ- 
ations that support the education of 
and exchange of information among 
residential designers. Architects may 
choose to join the AIA, which has lo- 
cal, regional, and national meetings 
to exchange information about re- 
cent technical innovations and code 
interpretations and to share ideas 
about recently completed buildings. 
Building designers may join the 
AIBD, which sponsors educational 
events and programs concentrated 
in the areas of residential design and 
planning. The AIBD also enforces a 
certification program for building 
designers to show evidence of their 
competency by demonstrating mini- 
mum levels of education and expe- 
rience. Both the AIA and the AIBD 
offer extensive on-line support and 
information systems. 


FIGURE 3.21 

Reference books list the sizes of 
furniture and equipment, illustrate 
construction details, and explain 
systems. (Reprinted with permission from 
Ramsey/Sleeper, Architectural Graphic 
Standards, J1th ed., John Ray Hoke, Jr, 
A.LA., Editor, John Wiley & Sons, Hoboken, 
New Jersey, 2007) 


COMMUNICATION 
BETWEEN DESIGNER 
AND BUILDER 


The designer conveys the design for 
a new house to the builder through a 
set of construction documents. The doc- 
uments include architectural drawings 
done on large sheets (usually 18 by 24 
inches or 24 by 36 inches) (A2 or Al 
in Canada) and typed specifications on 
8% x 11 sheets (A4). 

The drawings show configura- 
tions, locations, and sizes of things, 
and how things are assembled (Fig- 
ures 3.22 to 3.25). Architectural draw- 
ings typically include 


1. Site plan @ % inch per foot scale or 
smaller (1 : 200) 

2. Floor plans @ % inch per foot scale 
(1: 50) 

3. Exterior elevations @ % inch per 
foot scale (1 : 50) 

4. Foundation plan @ % inch per 
foot scale (1 : 50) 


5. Building sections @ % inch per 
foot scale (1 : 50) 


6. Floor and roof framing plans @ 
“inch per foot scale or smaller (1 : 50) 


7. Details of roof and wall edges and 
trim @ 1 inch per foot scale (1: 10) or 
larger 

8. Interior elevations of cabinets and 


special walls @ % inch per foot scale 
(1: 50) 
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FIGURE 3.22 


Architectural plan drawings show essential information needed to construct a new residence. Rooms are labeled for reference, and 
horizontal dimensions locate all walls. Windows and doors are referenced to charts that describe them. Section lines (e.g., A4, B4, 
C4, and D5) show where section drawings occur. (Courtesy of David Edrington, Architect) 
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FIGURE 3.23 

The section drawings give 
critical vertical dimen- 

sions that, together with 

the dimensions on the plan 
drawings, describe precisely 
the size and shape of the 
house. Section drawings also 
typically show roof pitch 
and insulation values and 
location. Eave details and 
foundation details are usu- 
ally drawn at a larger scale. 
(Courtesy of David Edrington, 
Architect) 


SECTION 


FIGURE 3.24 

The simple building section and wall 
section are usually the only sections 
included in the construction drawings 
for a tract house. (Courtesy of Dietz Design, 
Eugene, Oregon) 
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The specifications describe the 
parts of the design not easily illustrat- 
ed in drawings such as the quality of 
materials, finishes, and workmanship. 
Typical sections cover the strength of 
the concrete in the foundation, the 
species and grade of lumber used 
for the frame and finishes, types 
and thicknesses of thermal insula- 
tion, type and quality of roof shingles 
and siding, and myriad other details 
down to the number of coats of paint 
on each surface of the house. In ad- 
dition, specifications often describe 
contractual items such as who pays 
for electricity during construction 
and what is to be done with excavated 
soil. The amount of detail contained 
in the specifications depends on the 
type of project, with documents for 
single speculative houses usually be- 
ing the least detailed and those for 
large multifamily projects the most. 

After the construction docu- 
ments have been completed, the 
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further involvement of the designer 
may range from minimal to extensive, 
depending on the type of project. In 
mass-produced speculative work, the 
designer is rarely consulted after the 
drawings have been completed un- 
less there is a serious problem. The 
design itself has been worked out to 
facilitate uninterrupted work flow by 
subcontractors, and input by design- 
ers during the construction process 
only impedes progress and delays the 
schedule. In custom-design work, on 
the other hand, designers often allo- 
cate as much as 20 percent of their 
fee for construction observation. 
Especially in remodeling projects, 
the problems and opportunities for 
integrating new work with old can- 
not be visualized until the existing 
building has been demolished to 
expose its construction. Even in new 
work, designs are typically so complex 
that opportunities to make adjust- 
ments for site conditions and for the 
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construction process are frequent. 
Taking advantage of these opportuni- 
ties often adds quality to the building. 
For example, the slight adjustment of 
a window for a particular view, the 
selection of finish materials such as 
tile or paint in the light of the newly 
constructed space, and the detailing 
of trim are decisions best made by the 
designer on the site (Figure 3.26). 
Effective communication between 
builder and designer is mandatory to 
allow design decisions to be made in 
this way. 


GREEN DESIGNERS 


In recent years, designers have been 
among the leaders in promoting 
awareness of social concerns regard- 
ing our environment. Most design- 
ers have begun to incorporate green 
design into their projects. Green 
design seeks to reduce the negative 


SUNSMADE 


PONDS GERM COPPER 
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This detailed section drawing is only one of several included in the construction drawings for a custom-designed house on a sloping 
site. Each of the circled reference numbers corresponds to a separate detail drawing. (Courtesy of Fernau & Hartman Architects, Inc., 


Berkeley, California) 


FIGURE 3.26 

Many design decisions are made at the 
site, especially for custom-designed 
houses. When not controlled, this 
practice can lead to cost overruns, but 
in the best cases, it can incorporate into 
the work subtle adjustments to the site 
and insights from craftsmen. In this 
case, the base of the stair was designed 
as a collaboration between architect and 
finish carpenter. Notice the return-air 
grill integrated into the baseboard below 
the railing. (Architect: Thallon Architecture. 
Photo by Rob Thallon) 


environmental impacts of both con- 
struction and operation of a building, 
through methods such as building ori- 
entation, smart use of materials, and 
energy efficiency. Today, most design- 
ers incorporate some green strategies 
into their projects because of their 
training, while others are prompted 
to do so by their clients. Green design 
is a rapidly evolving field. It is often 
associated with higher initial costs but 


SELECTED REFERENCES 


1. Gutman, Robert. The Design of American 
Housing. New York: Publishing Center for 
Cultural Resources, 1985. 


This interesting and scholarly work clearly 
portrays the architect’s role in the design 
of housing but does not seriously investi- 
gate the role of others. 


2. Walker, Lester. American Shelter. Wood- 
stock, NY: Overlook Press, 1996. 
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can be recouped through reduced 
energy costs, increased longevity, and 
higher resale value. 

There are many agencies that 
promote and certify green projects, 
with the most notable being the U.S. 
Green Building Council (USGBC) 
and their Leadership in Energy and 
Environmental Design (LEED) pro- 
gram. The LEED program offers 
several levels of certification, under 


A chronicle of American domestic archi- 
tecture from Native American shelters of 
the sixth century AD to the present day. 
Each style is documented with drawings, 
and the materials and logic of its form are 
discussed. 


3. Moore, Charles, Lyndon, Donlyn, and 
Allen, Gerald. The Place of Houses. Berkeley: 
University of California Press, 2000. 


five different categories. Another vol- 
untary program for architects, The 
2030 Challenge, which recognizes 
that buildings consume 49 percent 
of total national energy use and pro- 
duce 47 percent of carbon emissions, 
prompts design professionals to com- 
mit to developing practices that will 
produce carbon neutral buildings by 
the year 2030. 


This is a thought-provoking inquiry into 
the nature of houses and the art of their 
design. 


4, Alexander, Christopher, et al. A Pattern 
Language. New York: Oxford University 
Press, 1977. 

This widely used and often-quoted work 
outlines a design philosophy and strategy 
based on positive human values. Only 
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slightly more than half of the book deals 
with design at a residential scale. 


5. Wentling, James W. Housing by Lifestyle. 
New York: McGraw-Hill, 1995. 


A well-written and clearly illustrated book 
of design suggestions for builders and 
developers of contemporary houses and 
suburbs. 


6. Hunter, Christine. Ranches, Row Houses, 
and Railroad Flats. New York: Norton, 
1999. 


Following a lucid discussion of housing 
requirements and the means to satisfy 
them, design aspects of the three basic 
types of houses—freestanding houses, at- 


KEY TERMS AND CONCEPTS 


architect 

American Institute of Architects (AIA) 

building designer 

American Institute of Building Design 
(AIBD) 

Certified Professional Building Designer 
(CPBD) 

structural engineer 

landscape architect 

American Society of Landscape Archi- 
tects (ASLA) 


REVIEW QUESTIONS 


1. What is the difference between an ar- 
chitect and a building designer? 


2. Discuss the roles of the landscape archi- 
tect and the land planner in the process 
of developing a multifamily residential 
project such as a PUD. 


3. What is the role of the interior designer 
compared to that of the architect? 


EXERCISES 


1. Have class members visit the offices of 
design professionals involved in residen- 
tial work—an architect, a building de- 
signer, a landscape architect, a structural 
engineer, and an interior designer. At 
each office, try to determine the profile 
of the typical client, the amount of time 


tached houses, and apartments—are con- 
sidered. 


7. Hoke, John Ray, Jr., ed. Architectural 
Graphic Standards (11th ed.). Hoboken, 
NJ: John Wiley & Sons, 2007. 


The standard reference for architects and 
designers describing the sizes of things 
and roughly how they are assembled. The 
book deals with buildings of all scales. 


8. Many quality Web sites are devoted to 
residential design and construction. For 
example, PATH (formerly the Partner- 
ship for Advancing Technology in Hous- 
ing) posts an updated list of the top 10 
selected technologies that have “notable 


land planner 

American Planning Association (APA) 

American Institute of Certified Planners 
(AICP) 

interior designer 

interior decorator 

stock plan 

site plan 

custom-designed house 

schematic design 


4. How are stock plans different from 
plans for a custom-designed house? 


5. List the five principal phases of the ar- 
chitect’s work in a residential project. 


6. What are the advantages and disadvan- 
tages of the design/build organizational 
structure from the point of view of the 


allocated to a typical project, and the na- 
ture and frequency of interactions with 
the builder, the client, and other pro- 
fessionals. Conduct a class discussion to 
compare notes. 


2. Obtain used sets of both stock plans 
and architect-designed custom plans. 


strengths in one or more of the follow- 
ing areas: quality and durability; energy 
efficiency; environmental performance; 
safety and disaster mitigation; and af- 
fordability” (www.pathnet.org). Another 
site, Houses That Work, sponsored by 
the Energy and Environmental Build- 
ing Alliance (EEBA), is a resource for 
building science principles related to 
specific climatic zones (www.eeba.org/ 
housesthatwork). A climatic map de- 
rived from this site is shown in Figure 
3.20. Technical discussions about the 
environmental responsibility of residen- 
tial construction can be found at www. 
healthybuilding.net. 


design development 
construction drawings 
contract negotiations 
construction observation 
drafting service 

design /build 
construction documents 
architectural drawings 
specifications 


professional? From the point of view of 
the owner/client? 


7. Describe the difference between con- 
struction drawings and _ construction 
documents. 


Display these in class and discuss their dif- 
ferences. 

3. Visit a range of new housing in your 
area and compare the designs in relation 
to probable design intentions. 
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MATERIALS 


e Trees 


Tree Growth 
Softwoods and Hardwoods 


e Lumber 


Sawing 

Seasoning 

Surfacing 

Lumber Defects 

Lumber Grading 

The Structural Strength of Wood 
Lumber Dimensions 


e Wood Products 


Laminated Wood 

Structural Composite Lumber 
Wood [Joists 

Wood Panel Products 

Plywood Production 

Specifying Structural Wood Panels 
Other Wood Panel Products 
Wood-Based Siding Products 


e Chemical Treatment 


THE MATERIAL 


Woop 


¢ Wood Fasteners 
Nails 
Wood Screws and Lag Screws 
Bolts 
Toothed Plates 


Sheet Metal and Metal Plate Framing 


Devices 
Machine-Driven Staples and Nails 
Adhesives 
e Wood-Manufactured 
Building Components 


Trusses 


¢ Types of Wood Construction 
¢ Building Green with Wood 


Forestry Practices 

Mill Practices 
Transportation 

Energy Content 
Construction Process 
Indoor Air Quality 
Building Life Cycle 
Preservative-Treated Wood 
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production of wood. 


TREES 


Because wood comes from trees, an 
understanding of tree physiology is 
essential to knowing how to build 
with wood. 


Tree Growth 


The trunk of a tree is covered with 
a protective layer of dead bark (Fig- 
ure 4.1). Inside the dead bark is a 
layer of living bark composed of hol- 
low longitudinal cells that conduct 
nutrients down the trunk from the 
leaves to the roots. Inside this layer of 
living bark lies a very thin layer, the 
cambium, which creates new bark cells 
toward the outside of the trunk and 
new wood cells toward the inside. The 
thick layer of living wood cells inside 


Wood is probably the best loved of all the materials that we use 
for building. It delights the eye with its endlessly varied colors and 
grain patterns. It invites the hand to feel its subtle warmth and var- 
ied textures. When it is fresh from the saw, its fragrance enchants. 
We treasure its natural, organic qualities and take pleasure in its 
genuineness. Even as it ages, bleached by the sun, eroded by rain, 
worn by the passage of feet and the rubbing of hands, we find 
beauty in its transformations of color and texture. 

Wood earns our respect as well as our love. It is strong and 
stiff, yet by far the least dense of the materials used for the beams 
and columns of buildings. It is worked and fastened easily with 
small, simple, relatively inexpensive tools. It is readily recycled 
from demolished buildings for use in new ones, and, when finally 
discarded, it biodegrades rapidly to become natural soil. It is our 
only renewable building material, one that will be available to us 
for as long as we manage our forests with an eye to the perpetual 


However, wood, like a valued friend, has its idiosyncrasies. A 
piece of lumber is never perfectly straight or true, and its size and 
shape can change significantly with changes in the weather. Wood is 
peppered with defects that are relics of its growth and processing. 
Wood can split; wood can warp; wood can give splinters. If ignited, 
wood burns. If left in a damp location, it decays and harbors destruc- 
tive insects. However, the skillful designer and the seasoned carpen- 
ter know all these things and understand how to build with wood to 
bring out its best qualities while neutralizing or minimizing its defects. 


the cambium is the sapwood. In this 
zone of the tree, nutrients are stored 
and sap is pumped upward from the 
roots to the leaves and distributed 
laterally in the trunk. At the inner 
edge of this zone, sapwood dies pro- 
gressively and becomes heartwood. In 
many species of trees, heartwood is 
easily distinguished from sapwood by 
its darker color. Heartwood no lon- 
ger participates in the life processes 
of the tree but continues to contrib- 
ute to its structural strength. At the 
very center of the trunk, surrounded 
by heartwood, is the pith of the tree, 
a small zone of weak wood cells that 
were the first year’s growth. 

An examination of a small section 
of wood under a low-power micro- 
scope shows that it consists primarily 
of tubular cells whose long axes are 


parallel to the long axis of the trunk. 
The cells are structured of tough cel- 
lulose and are bound together by a 
softer cementing substance called hg- 
nin. The direction of the long axes of 
the cells is referred to as the direction 
of grain of the wood. Grain direction is 
important to the designer of wooden 
buildings because the properties of 
wood parallel to the grain and perpen- 
dicular to the grain are very different. 

In temperate climates, the cam- 
bium begins to manufacture new sap- 
wood cells in the spring, when the air 
is cool and groundwater is plentiful, 
conditions that favor rapid growth. 
Growth is slower during the heat of 
the summer when water is scarce. 
Springwood or earlywood cells are there- 
fore larger and less dense in substance 
than summerwood or latewood cells. Con- 
centric bands of springwood and sum- 
merwood make up the annual growth 
rings in a trunk that can be counted to 
determine the age of a tree. The rela- 
tive proportions of springwood and 
summerwood also have a direct bear- 
ing on the structural properties of the 
wood a given tree will yield because 
summerwood is stronger and stiffer 
than springwood. A tree grown under 
continuously moist, cool conditions 
grows faster than another tree of the 
same species grown under warmer, 
drier conditions, but its wood is not as 
dense or as strong. 


Softwoods and Hardwoods 


Softwoods come from coniferous trees 
and hardwoods from broad-leafed 
trees. The names can be decep- 
tive because many coniferous trees 
produce harder woods than many 
broad-leafed trees, but the distinc- 
tion is nevertheless a useful one. Soft- 
wood trees have a relatively simple 
microstructure, consisting mainly 
of large longitudinal cells (tracheids) 
together with a small percentage of 
radial cells (rays), whose function 
is the storage and radial transfer 
of nutrients (Figure 4.2). Hardwood 
trees are more complex in structure, 
with a much larger percentage of rays 


Cell structure of a softwood 
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FIGURE 4.1 

Summerwood rings are prominent and 

a few rays are faintly visible in this cross 
section of an evergreen tree, but the 
cambium, which lies just beneath the 
thick layer of bark, is too thin to be seen, 
and heartwood cannot be distinguished 
visually from sapwood in this species. 
(Courtesy of Forest Products Laboratory, 
Forest Service, USDA) 


FIGURE 4.2 

Vertical cells (tracheids, labeled TR) 
dominate the structure of a softwood, 
seen here greatly enlarged, but rays 
(WR), which are cells that run radially 
from the center of the tree to the out- 
side, are clearly in evidence. An annual 
ring (labeled AR) consists of a layer of 
smaller summerwood cells (SM) and 

a layer of larger springwood cells (S). 
Simple pits (SP) allow sap to pass from 
ray cells to longitudinal cells and vice 
versa. Resin is stored in vertical and 
horizontal resin ducts (VRD and HRD) 
with the horizontal ducts centered in 
fusiform wood rays (FWR). Border pits 
(BP) allow the transfer of sap between 
longitudinal cells. The face of the sample 
labeled RR represents a radial cut 
through the tree and TG a tangential cut. 
TT refers to the top plane of the cube of 
wood, which is a cross section. 

(Courtesy of Forest Products Laboratory, 
Forest Service, USDA) 
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and two different types of longitudinal 
cells: small-diameter fibers and large- 
diameter vessels or pores, which trans- 
port the sap of the tree (Figure 4.3). 
When cut into lumber, softwoods 
generally have a coarse and relatively 
uninteresting grain structure, while 
many hardwoods show beautiful pat- 
terns of rays and vessels (Figure 4.4). 
Most of the lumber used today for 
the frames of buildings comes from 
softwoods, which are comparatively 
plentiful and inexpensive. For fine 
furniture and interior finish details, 
hardwoods are often chosen. A few 


softwood and hardwood species wide- 
ly used in North America are listed in 
Figure 4.5, along with the principal 
uses of each. However, it should be 
borne in mind that literally thousands 
of species of wood are used in con- 
struction around the world and that 
the available species vary considerably 
with the geographic location. The 
major lumber-producing forests in 
North America are in the western and 
eastern mountains of both the United 
States and Canada and the southeast- 
ern United States, but other regions 
also produce significant quantities. 


Cell structure of a hardwood 


FIGURE 4.3 


Rays (WR) constitute a large percentage of the mass of a hardwood, as seen in this 
sample, and are largely responsible for the beautiful grain figures associated with 
many species. The vertical cell structure is more complex than that of a softwood, 
with large pores (P) to transport the sap and smaller wood fibers (F) to give the tree 
structural strength. Pore cells in some hardwood species end with crossbars (SC), 
while those of other species are entirely open. Pits (K) pass sap from one cavity to 
another. (Courtesy of Forest Products Laboratory, Forest Service, USDA) 


(a) 


FIGURE 4.4 

The grain figures of two softwood spe- 
cies (a, b) and two hardwoods (c, d) 
demonstrate the difference in cellular 
structure between the classes of woods. 
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(0) 


(d) 


From left to right: (a) The cells in sugar pine are so uniform that the grain structure is almost invisible except for scattered resin 
ducts. (b) Vertical-grain Douglas fir shows very pronounced dark bands of summerwood. (c) Red oak exhibits large open pores 
amid its fibers. (d) This quarter-sliced mahogany veneer has a pronounced “ribbon” figure caused by varying light reflections off 


its fibers. (Photos by Edward Allen) 


Softwoods 


Used for Framing, Sheathing, and Paneling 


Used for Moldings and 
Window and Door Frames 


Hardwoods 


Used for Moldings, Paneling, and 
Furniture 


Alpine fir 

Balsam fir 

Douglas fir 
Eastern hemlock 
Eastern spruce 
Eastern white pine 
Engelmann spruce 
Idaho white pine 
Larch 

Loblolly pine 
Lodgepole pine 
Longleaf pine 
Mountain hemlock 
Ponderosa pine 
Red spruce 
Shortleaf pine 
Sitka spruce 


Southern yellow pine 


Western hemlock 
White spruce 


FIGURE 4.5 


Douglas fir 
Ponderosa pine 
Sugar pine 
Western hemlock 
White pine 


Used for Finish Flooring 


Douglas fir 
Longleaf pine 


Decay-Resistant Woods. Used for 
Shingles, Siding, and Outdoor Structures 


California redwood 
Southern cypress 
Western red cedar 
White cedar 


Alder Maple 
Ash Pecan 
Beech Poplar 
Birch Red oak 
Black walnut Rosewood 
Butternut Teak 
Cherry Walnut 
Lauan White oak 
Mahogany Yellow poplar 
Used for Finish Flooring 

Maple Walnut 
Pecan White oak 
Red oak 


Some species of wood commonly used in construction in North America, listed alphabetically in groups according to end use. All 
are domestic except lauan (Asia), mahogany (Central America), rosewood (South America and Africa), and teak (Asia). All species 
are available as lumber, and most common species are also available as veneer on plywood sheets. 
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LUMBER 


Sawing 


The production of lumber, lengths of 
squared wood for use in construc- 
tion, begins with the felling of trees 
and the transportation of the logs to 
asawmill (Figure 4.6). Sawmills range 
in size from tiny family operations to 
giant, semiautomated factories, but 
the process of lumber production is 
much the same regardless of scale. 
Each log is first passed repeatedly 
through a large head saw, which may 
be either a circular saw or a band saw, 
to reduce it to untrimmed slabs of 
lumber (Figure 4.7). The sawyer (with 
the aid of a computer in the larger 
mills) judges how to obtain the maxi- 
mum marketable wood from each 
log and uses hydraulic machinery to 
rotate and advance the log in order 
to achieve the required succession 
of cuts. As the slabs fall from the log 
at each pass, a conveyor belt carries 
them away to smaller saws that reduce 
them to square-edged pieces of the 
desired widths (Figure 4.8). The sawn 
pieces at this stage of production have 


FIGURE 4.6 

Loading southern pine logs onto a truck 
for their trip to the sawmill. (Courtesy of 
Southern Forest Products Association) 


rough-textured surfaces and may vary 
slightly in dimension from one end to 
the other. 

Most lumber intended for use 
in the framing of buildings is plain- 
sawn, a method of dividing the log 
that produces the maximum yield 
and therefore the greatest economy 
(Figure 4.9). In plainsawn lumber, 
some pieces have the annual rings 
running virtually perpendicular to 
the faces of the piece, some have 


the rings on various diagonals, and 
some have the rings running almost 
parallel to the faces. These varying 
grain orientations cause the pieces 
to distort differently during season- 
ing, to have very different surface 
appearances from one another, and 
to erode at different rates when used 
in applications such as flooring and 
exterior siding. For uses in which any 
of these variations will cause a prob- 
lem, especially for finish flooring, 


FIGURE 4.7 

In a large, mechanized mill, the oper- 
ator controls the high-speed band saw 
from an overhead booth. (Courtesy of 
Western Wood Products Association) 


FIGURE 4.8 


Sawn lumber is sorted into stacks according to its cross-sectional dimensions and 
length. (Courtesy of Western Wood Products Association) 
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interior trim, and furniture, hard- 
woods are often quariersawn to pro- 
duce pieces of lumber that have the 
annual rings running more nearly 
perpendicular to the face of the 
piece. Boards with this vertical grain 
orientation tend to remain flat de- 
spite changes in moisture content. 
The visible grain on the surface of 
a quartersawn piece makes a tighter 
and more pleasing figure. The wearing 
qualities of the piece are improved 
because there are no broad areas of 
soft springwood exposed in the face, 
as there are when the annual rings 
run more nearly parallel to the face. 


Seasoning 


Wood in a living tree contains a quan- 
tity of water that can vary from about 
30 percent to as much as 300 percent 
of the oven-dry weight of the wood. 
After a tree is cut, this water slowly 
starts to evaporate. First to leave the 
wood is the free water from the cavi- 
ties of the cells. When the free water 
is gone, the wood still contains about 
26 to 32 percent moisture, and the 
bound water held within the cellulose 


TYPICAL SAWING OF A 
LARGE LOG 


Plainsawing produces boards with a broad grain figure, as seen in the end and top views above the plainsawn log. Quartersawing 
produces a vertical grain structure, which is seen on the face of the board as tightly spaced parallel summerwood lines. A large log 
of softwood is typically sawn to produce some large timbers, some plainsawn dimension lumber, and, in the horizontal row of small 
pieces seen just below the heavy timbers, some pieces of vertical-grain decking. 
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of the cell walls begins to evaporate. 
As the first of the bound water dis- 
appears, the wood starts to shrink, 
and the strength and stiffness of the 
wood begin to increase. The shrink- 
age, stiffness, and strength increase 
steadily as the moisture content de- 
creases. Wood can be dried to any de- 
sired moisture content, but framing 
lumber is considered seasoned when 
its moisture content is 19 percent or 
less. For framing applications that re- 
quire closer control of wood shrink- 
age, lumber seasoned to a 15 percent 
moisture content, labeled “MC 15,” is 
available. It is of little use to season or- 
dinary framing lumber to a moisture 
content that is below about 13 per- 
cent, because wood is hygroscopic 
and will take on or give off moisture, 
swelling or shrinking as it does so, in 
order to stay in equilibrium with the 
moisture in the air. 

Most lumber is seasoned at the 
sawmill, either by air drying in loose 
stacks for a period of months or, 
more commonly, by kiln drying under 
closely controlled conditions of tem- 
perature and humidity for a period 


FIGURE 4.10 


of days (Figures 4.10 and 4.11). Sea- 
soned lumber is stronger and stiffer 
than unseasoned (green) lumber, 
more dimensionally stable, and light- 
er and more economical to ship. Kiln 
drying is generally preferred to air 
drying because it is much faster and 
produces better-quality lumber. 
Wood does not shrink and swell 
uniformly with changes in moisture 
content. Moisture shrinkage along 
the length of the log (longitudinal 
shrinkage) is negligible for practical 
purposes. Shrinkage in the radial 
direction (radial shrinkage) is very 
large by comparison, and shrinkage 
around the circumference of the log 
(tangential shrinkage) is about half 
again greater than radial shrinkage 
(Figure 4.12). If an entire log is sea- 
soned before sawing, it will shrink 
very little along its length, but it will 
grow noticeably smaller in diameter, 
and the difference between the tan- 
gential and radial shrinkage will 
cause it to check, that is, to split open 
all along its length (Figure 4.13). 
These differences in shrink- 
age rates are so large that they can- 


For proper air drying, lumber is supported well off the ground. The stickers, which 


keep the boards separated for ventilation, are carefully placed above one another to 


avoid bending the lumber, and a watertight roof protects each stack from rain and 


snow. (Courtesy of Forest Products Laboratory, Forest Service, USDA) 


not be ignored in building design. 
In constructing building frames of 
plainsawn lumber, a simple distinc- 
tion is made between parallel-to-grain 
shrinkage, which is negligible, and 
perpendicular-to-grain shrinkage, which 
is considerable. The difference be- 
tween radial and tangential shrink- 
age is not considered because the 
orientation of the annual rings in 
plainsawn lumber is random and un- 
predictable. As we will see in Chapter 
9, wood building frames are carefully 
designed to equalize the amount of 
wood loaded perpendicular to grain 
from one side of the structure to the 
other in order to avoid the notice- 
able tilting of floors and tearing of 
wall finish materials that would oth- 
erwise Occur. 

The position in a log from which 
a piece of lumber is sawn determines 
in large part how it will distort as it 
dries. Figure 4.14 shows how the dif- 
ferences between tangential and ra- 
dial shrinkage cause this to happen. 
These effects are pronounced, and 
are readily predicted and observed in 
everyday practice. 


FIGURE 4.11 

Measuring moisture content in boards 
in a drying kiln. (Courtesy of Western Wood 
Products Association) 


FIGURE 4.12 

Shrinkage of a typical softwood 

with decreasing moisture content. 
Longitudinal shrinkage, not shown on 
this graph, is so small by comparison to 
tangential and radial shrinkage that it is 
of no consequence in wood buildings. 
(Courtesy of Forest Products Laboratory, 
Forest Service, USDA) 
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FIGURE 4.13 

Because tangential shrinkage is so much 
greater than radial shrinkage, high 
internal stresses are created in a log as it 
dries, resulting inevitably in the forma- 
tion of radial cracks called checks. 


Surfacing 


Lumber is surfaced to make it smooth 
and more dimensionally precise. 
Rough (unsurfaced) lumber is often 
available commercially and is used 
for many purposes, but surfaced lum- 
ber is easier to work with because it is 
more square and uniform in dimen- 
sion and less damaging to the hands 
of the carpenter. Surfacing is done 


SHRINKAGE {PERCENT OF GREEN DIMENSION ) 
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by high-speed automatic machines 
whose rotating blades plane the sur- 
faces of the piece and round the edg- 
es slightly. Most lumber is surfaced on 
all four sides (S48), but hardwoods 
are often surfaced on only two sides 
(S2S), leaving the two edges to be fin- 
ished by the craftsman. 

Lumber is usually seasoned be- 
fore it is surfaced, which allows the 
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FIGURE 4.14 

The difference between 
tangential and radial shrink- 
age also produces seasoning 
distortions in lumber. The 
nature of the distortion 
depends on the position the 
piece of lumber occupied 
in the tree. The distortions 
are most pronounced in 
plainsawn lumber (upper 
right, extreme right, lower 
right). (Courtesy of Forest Prod- 
ucts Laboratory, Forest Service, 
USDA) 


planing process to remove some of 
the distortions that occur during sea- 
soning. However, for some framing 
lumber, this order of operations is 
reversed. The designation S-DRY in a 
lumber gradestamp indicates that the 
piece was surfaced (planed) when 
in a seasoned (dry) condition, and 
S-GRN indicates that it was planed 
when green. 


82 / Part Two * Materials 


Lumber Defects 


Almost every piece of lumber con- 
tains one or more discontinuities 
in its structure caused by growth 
characteristics of the tree from which 
it came or manufacturing character- 
istics that were created at the mill 
(Figures 4.15 and 4.16). Among the 
most common growth characteris- 
tics are knots, which are places where 


FIGURE 4.15 
Surface features often observed in lumber include, in the left-hand column from top to bottom, a knot cut crosswise, a knot cut 
longitudinally, and a bark pocket. To the right are a gradestamp, wane on two edges of the same piece, and a small check. The 
gradestamp indicates that the piece was graded by the American Forest Products Association, that it is #2 grade Spruce-Pine-Fir, 
and that it was surfaced after drying. The 27 is a code number for the mill that produced the lumber. (Photos by Edward Allen) 


branches joined the trunk of the 
tree; knotholes, which are holes left 
by loose knots dropping out of the 
wood; decay; and insect damage. Knots 
and knotholes reduce the structural 
strength of a piece of lumber, make it 
more difficult to cut and shape, and 
are often considered detrimental 
to its appearance. Decay and insect 
damage that occurred during the 
life of the tree may or may not affect 


the useful properties of the piece of 
lumber, depending on whether the 
organisms are still alive in the wood 
and the extent of the damage they 
have caused. 

Manufacturing —_ characteristics 
arise largely from changes that take 
place during the seasoning process 
because of the differences in rates of 
shrinkage with varying orientations to 
the grain. Splits and checks are usually 


CROOK 


BOW 


FIGURE 4.16 


TWIST 


Four types of seasoning distortions in dimension lumber. 


FIGURE 4.17 

The effects of seasoning distortions can 
often be minimized by knowledgeable 
detailing practices. As an example, this 
wood baseboard, seen in cross section, 
has been formed with a relieved back, 
which is a broad, shallow groove that 
allows the piece to lie flat against the wall 
even if it cups (broken lines). The slop- 
ing bottom on the baseboard ensures that 
it can be installed tightly against the floor 
despite the cup. The grain orientation 

in this piece is the worst possible with 
respect to cupping. It would have been 
better to mill the baseboard with the 
center of the tree toward the room rather 
than toward the wall. Better yet would 
have been to use quartersawn lumber. 


caused by shrinkage stresses. Crook- 
ing, bowing, twisting, and cupping all 
occur because of nonuniform shrink- 
age. Wane is an irregular rounding of 
edges or faces that is caused by saw- 
ing pieces too close to the perimeter 
of the log. Experienced carpenters 
judge the extent of these defects and 
distortions in each piece of lumber 
and decide accordingly where and 
how to use the piece in the build- 
ing. Checks and shakes are of little 
consequence in framing lumber, but 
a joist or rafter with a crook in it is 
usually placed with the convex edge 
(the “crown”) facing up to allow 
the floor or roof loads to straighten 


the piece. Carpenters straighten bad- 
ly bowed joists or rafters by sawing or 
planing away the crown before they 
apply subflooring or sheathing over 
them. Badly twisted pieces are put 
aside to be cut up for blocking. The 
effects of cupping in flooring and 
interior baseboards and trim are usu- 
ally minimized by using quartersawn 
stock and by shaping the pieces so as 
to reduce the likelihood of distortion 
(Figure 4.17). 


Lumber Grading 


Each piece of lumber is graded ei- 
ther for appearance or for structural 
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strength and _ stiffness, depending 
on its intended use, before it leaves 
the mill. Lumber is sold by species 
and grade; the higher the grade, the 
higher the price. Grading offers the 
architect and the engineer the op- 
portunity to build as economically as 
possible by using only as high a grade 
as is required for a particular use. In 
a specific building, the main beams 
or columns may require a very high 
structural grade of lumber, while the 
remainder of the framing members 
will perform adequately in an inter- 
mediate, less expensive grade. For 
blocking, the lowest grade is perfectly 
adequate. For finish trim that will be 
coated with a clear finish, a high ap- 
pearance grade is desirable; for paint- 
ed trim, a lower grade will suffice. 
Structural grading of lumber may 
be done either visually or by machine. 
In visual grading, trained inspectors 
examine each piece for ring density 
and for growth and manufacturing 
characteristics, then judge it and 
stamp it with a grade in accordance 
with industry-wide grading rules 
(Figure 4.18). In machine grading, an 


— 


9 


FIGURE 4.18 

A grader marks the grade on a piece with 
a lumber crayon preparatory to applying 
a gradestamp. (Courtesy of Western Wood 
Products Association) 
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DIMENSION LUMBER GRADES 


Table 2.1 


WWPA Western Lumber 
Grading Rules 
Product Grades Section Reference Uses 
—————— ——————— ent = ———— | 
Structural Light SELECT STRUCTURAL (42.10) Structural applications 
Framing (SLF) NO.1 (42.11) where highest design 
2” to 4” thick NO.2 (42.12) values are needed in light 
2” to 4” wide NO.3 (42.13) framing sizes. 
Light Framing (LF) CONSTRUCTION (40.11) Where high-strength values are not 
2” to 4” thick STANDARD (40.12) required, such as wall framing, plates, 
2” to 4” wide [ UTILITY (40.13) sills, cripples, blocking, etc. 
Stud STUD (41.13) An optional all-purpose grade 
2” to 4” thick designed primarily for stud uses, 
2” and wider including bearing walls. | 
—_—— T — T 
Structural Joists SELECT STRUCTURAL (62.10) Intended to fit engineering 
and Planks (SJ&P) NO.1 (62.11) applications for lumber 5” and wider, 
NO.2 (62.12) such as joists, rafters, headers, 
NO.3 (62.13) beams, trusses, and general framing. 


STRUCTURAL DECKING GRADES Table 2.2 
WWPA Western Lumber 
Grading Rules 
Product | Grades Section Reference Uses 
$$$ = = ——————f 
: SELECTED DECKING (55.11) Used where the appearance of the 
Structural Decking best face is of primary importance. 
2” to 4” thick 
4” to 12” wide COMMERCIAL DECKING (55.12) Customarily used when appearance 
is not of primary importance. 
TIMBER GRADES Table 2.3 
WWPA Western Lumber 
Grading Rules 
Product Grades Section Reference End Uses 
—= 


Beams and Stringers 
5” and thicker, 
width more than 
2” greater than 
thickness 


Post and Timbers 
5” x 5” and larger, 
width not more 
than 2” greater 
than thickness 


— Ej — i SS __ 


“Douglas Fir or Douglas Fir-Larch only. 


FIGURE 4.19 


Standard structural grades for western softwood lumber. For each species of wood, the allowable structural stresses for each of 


DENSE SELECT Grades are designed for beam 
STRUCTURAL* (53.00 & 170.00) and stringer type uses when 

DENSE NO. 1* (53.00 & 170.00) sizes larger than 4” nominal 

DENSE NO. 2* | (53.00 & 170.00) thickness are required. 

SELECT STRUCTURAL (70.10) 

NO.1 (70.11) 

NO.2 (70.12) 

DENSE SELECT Grades are designed for vertically 
STRUCTURAL“ (53.00 & 170.00) loaded applications where sizes 

DENSE NO. 1* (53.00 & 170.00) larger than 4” nominal thickness 

DENSE NO. 2* (53.00 & 170.00) are required. 

SELECT STRUCTURAL (80.10) 

NO.1 (80.11) 

NO.2 (80.12) 


these grades are tabulated in the structural engineering literature. (Courtesy of Western Wood Products Association) 


automatic device assesses the struc- 
tural properties of the wood and 
stamps a grade automatically on the 
piece. This assessment is made either 
by flexing each piece between rollers 
and measuring its resistance to bend- 
ing or by scanning the wood electron- 
ically to determine its density. Ap- 
pearance grading, naturally enough, 
is done visually. Figure 4.19 outlines 
a typical grading scheme for framing 
lumber, and Figure 4.20 outlines the 
appearance grades for nonstructural 
lumber. Light framing lumber for 
houses and other small buildings is 
usually ordered as “#2 and better” (a 


mixture of #1 and #2 grades) for floor 
joists and roof rafters and as “Stud” 
grade for wall framing. 


The Structural Strength 
of Wood 


The strength of a piece of wood de- 
pends chiefly on its species, its grade, 
and the direction in which the load 
acts with respect to the direction of 
grain of the piece. Wood is several 
times stronger parallel to grain than 
perpendicular to grain. With its usu- 
al assortment of defects, it is stron- 
ger in compression than in tension. 
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Allowable strengths (structural stresses 
that include factors of safety) vary tre- 
mendously with the species and grade. 
Allowable compressive strength paral- 
lel to grain, for example, varies from 
325 to 1700 pounds per square inch 
(2.24 to 11.71 MPa) for commercially 
available grades and species of fram- 
ing lumber, a difference of more than 
five times. Figure 4.21 compares the 
structural properties of an average 
framing lumber to those of the other 
common structural materials—brick 
masonry, steel, and concrete. Of 
the four materials, only wood and 
steel have useful tensile strength. 


APPEARANCE LUMBER GRADES Table 2.5 


Highest Quality Appearance Grades 


General Purpose Grades 


Equivalent Grades in WWPA Grading Rules 
Product | Grades’ Idaho White Pine Section Number 
. + 
= - = — 

Selects (all species) B & BTR SELECT SUPREME 10.11 

C SELECT CHOICE 10.12 

D SELECT QUALITY 10.13 
Finish SUPERIOR 10.51 
(usually available only in PRIME 10.52 
Doug Fir and Hem-Fir) E 10.53 
Special Western CLEAR HEART 20.11 
Red Cedar A GRADE 20.12 
Pattern Grades B GRADE 20.13 

i eee se 

Common Boards 1 COMMON COLONIAL 30.11 
(WWPA Rules) 2 COMMON STERLING 30.12 
(primarily in pines, 3 COMMON STANDARD 30.13 
spruces, and cedars) 4 COMMON UTILITY 30.14 

5 COMMON INDUSTRIAL 30.15 
Alternate Boards WCLIB* 
(WCLIB Rules) SELECT 
(primarily in Doug MERCHANTABLE 118-a 
Fir and Hem-Fir) CONSTRUCTION 118-b 

STANDARD 118-c 

UTILITY 118-d 

ECONOMY 118-e 
Special Western WCLIB? 
Red Cedar SELECT KNOTTY 111-e 


Pattern? Grades 


QUALITY KNOTTY 


111-f 


‘Refer to WWPA's Vol. 2, Western Wood Species book for full-color photography and to WWPA's Natural Wood Siding for complete information on siding grades, specification, and 


installation. 


FIGURE 4.20 


Nonstructural boards are graded according to appearance. (Courtesy of Western Wood Products Association) 
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Allowable Tensile Allowable Modulus of 
Material Strength Compressive Strength Density Elasticity 
Wood (average) 700 psi 1,100 psi 30 pef 1,200,000 psi 
(4.83 MPa) (7.58 MPa) (480 kg/m?) (8,275 MPa) 
Brick masonry (average) 0 250 psi 120 pcf 1,200,000 psi 
(1.72 MPa) (1,920 kg/m?) (8,275 MPa) 
Steel (ASTM A36) 22,000 psi 22,000 psi 490 pcf 29,000,000 psi 
(151.69 MPa) (151.69 MPa) (7,850 kg/m?) (200,000 MPa) 
Concrete (average) 0 1,350 psi 145 pcf 3,150,000 psi 
(9.31 MPa) (2,320 kg/m?) (21,720 MPa) 


FIGURE 4.21 


Comparative physical properties of four common structural materials: wood, brick masonry, steel, and concrete. 


Defect-free wood is comparable to 
steel on a_ strength-per-unit-weight 
basis, but with the ordinary run of 
defects, an average piece of lumber 
is somewhat inferior to steel by this 
yardstick. 

When designing a wooden struc- 
ture, the designer determines the 
maximum stresses that are likely to 
occur in each of the structural mem- 
bers and selects an appropriate spe- 
cies and grade of lumber for each. 
In a given locale, a limited number 
of species and grades are usually 
available in retail lumberyards, and 
it is from these that the selection is 
made. It is common practice to use a 
stronger but more expensive species 
(Douglas fir or southern pine, for 
example) for highly stressed major 
members and to use a weaker, less 
expensive species (such as eastern 
hemlock) or species group (Hem-Fir, 
Spruce-Pine-Fir) for the remainder 
of the structure. Within each species, 
the designer selects grades based on 
published tables of allowable stresses. 
The higher the grade is, the higher 
the allowable stress; however, the 
lower the grade is, the less costly the 
lumber. 

There are many factors other 
than species and grade that influence 
the useful strength of wood. These 
include the length of time the wood 
will be subjected to its maximum 
load, the temperature and moisture 
conditions under which it will serve, 
and the size and shape of the piece. 


Certain fire-retardant treatments also 
reduce the strength of wood slightly. 
All these factors are taken into ac- 
count when engineering a building 
structure of wood. 


Lumber Dimensions 


Lumber sizes in the United States are 
given as nominal dimensions in inches. 
A piece nominally 1 by 2 inches in 
cross section is a 1 x 2 (“one by two”), 
a piece 2 by 10 inches is a 2 x 10, and 
so on. At the time a piece of lumber 
is sawn, it may approach these dimen- 
sions. Subsequent to sawing, however, 
seasoning and surfacing diminish its 
size substantially. By the time a kiln- 
dried 2 x 10 reaches the lumberyard, 
its actual dimensions are 1% by 9% 
inches (38 by 235 mm). The relation- 
ship between nominal lumber dimen- 
sions (which are always written with- 
out inch marks) and actual dimensions 
(which are written with inch marks) is 
given in simplified form in Figure 4.22 
and in complete form in Figure 4.23. 
Anyone who designs or constructs 
wooden buildings soon commits the 
simpler of these relationships to mem- 
ory. Because of changing moisture 
content and manufacturing toleranc- 
es, however, it is never wise to assume 
that a piece of lumber will conform 
precisely to its intended dimension. 
The experienced detailer of wooden 
buildings knows not to treat wood as 
if it had the dimensional accuracy of 
steel. The designer working with an 


existing wooden building will find a 
great deal of variation in lumber sizes. 
Wood members in hot, dry locations 
such as attics often will have shrunk to 
dimensions substantially below their 
original measurements. Members in 
older buildings may have been manu- 
factured to full nominal dimensions or 
to earlier standards of actual dimen- 
sions such as 1% or 1% inches (41 or 
44 mm) for a nominal 2-inch member. 

Pieces of lumber that are less 
than 2 inches in nominal thickness 
are called boards. Pieces ranging from 
2 to 4 inches in nominal thickness are 
referred to collectively as dimension 
lumber. Pieces nominally 5 inches and 
more in thickness are termed timbers. 
Dimension lumber is usually sup- 
plied in 2-foot (610-mm) increments 
of length. The most commonly used 
lengths are 8, 10, 12, 14, and 16 feet 
(2.44, 4.05, 4.66, 4.27, and 4.88 m), 
but most retailers stock rafter material 
in lengths of up to 24 feet (7.32 m). 
Actual lengths are usually a fraction of 
an inch longer than nominal lengths. 
Lumber can also be manufactured 
to precise lengths. For example, 
wall studs are typically trimmed to 
92% or 92% inch at the factory. This 
eliminates the time-consuming job of 
measuring and cutting each stud to 
length at the job site. 

Lumber in the United States is 
priced by the board foot. Board foot 
measurement is based on nominal 
dimensions, not actual dimensions. 
A board foot of lumber is defined as 


FIGURE 4.22 

The relationship between nominal and 
actual dimensions for the most com- 
mon sizes of kiln-dried lumber is given 
in this simplified chart, which has been 


extracted from the complete chart in 
Figure 4.23. 


Nominal Actual 
Dimension Dimension 

Le %s" (19 mm) 

2" 1%" (38 mm) 
3) 2%" (64 mm) 
4" 34%" (89 mm) 
5" 4%" (114 mm) 
6" 5%" (140 mm) 
8" 7A" (184 mm) 
10" 94" (235 mm) 
12" 114" (286 mm) 
Over 12" %" less (19 mm less) 
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a solid volume 12 square inches in 
nominal cross-sectional area and 1 
foot long. A 1 x 12 or 2 x 6 that is 10 
feet long contains 10 board feet. A 2 
x 4 that is 10 feet long contains [(2 X 
4)/12] x 10 = 6.67 board feet, and so 
on. Prices of dimension lumber and 
timbers in the United States are usu- 
ally quoted on the basis of dollars per 
thousand board feet. In other parts of 
the world, lumber is sold by the cubic 
meter. 

The architect and engineer speci- 
fy lumber for a particular construction 
use by designating its species, grade, 


STANDARD SIZES—FRAMING LUMBER Table 2.4 
Nominal & Dressed (Based on Western Lumber Grading Rules) 
Dressed Dimensions 
Thicknesses & Widths 
Nominal Size (inches) 
T 
Thickness Width Surfaced Surfaced Length 
| Product Description (inches) (inches) Dry Unseasoned (feet) 
————- = — — + + + 
2 2 1% 1%, 6’ and longer, 
3 3 2% 2% generally 
4 4 3% 3%, shipped in 
5 4% 4% multiples 
DIMENSION S4S 6 5% 5% of 2’ 
8 7% 7% 
10 9Y, 9% 
| 12 11%, 11% 
over 12 | off % off % 
— + | _ 
| Thickness Width 
unseasoned unseasoned 
( = | ) 6’ and longer, 
| Rough or S4S 1/2 off nominal (S4S). generally 
TIMBERS (shipped 5 and larger See 3.20 of WWPA Grading shipped in 
| unseasoned) Rules for Rough. multiples of 2’ 
Thickness Width 
Thickness Width (dry) (dry) 
2 5 1% 4 6’ and longer, 
6 5 generally 
DECKING 2” (Single T&G) 8 6%, shipped in 
10 8Y, multiples 
12 | 10%, of 2’ 
| 3” and 4” 3 6 2% | 5% 
| (Double T&G) 4 3% | 
Abbreviations: FOHC—Free of Heart Center T&G—Tongued and grooved Rough Full Sawn—Unsurfaced husitior cut to full specified size 
$4S—Surfaced four sides 
FIGURE 4.23 


A complete chart of nominal and actual dimensions for both framing lumber and finish lumber. (Courtesy of Western Wood 


Products Association) 
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Initial assembly — 
(dry laminating) 


FIGURE 4.24 

The process of manufacturing glulam 
beams. (Drawing courtesy of the Canadian 
Wood Council, © 2005) 


seasoning, surfacing, nominal size, 
and chemical treatment, if any. When 
ordering lumber, the contractor must 
additionally give the required lengths 
of pieces and the required number of 
pieces of each length. 


Woop PRODUCTS 


Much of the wood used in construc- 
tion has been processed into laminat- 
ed wood, structural composite wood, 
or wood panel products in order 
to overcome the various shortcomings 
of solid wood structural members. 


Laminated Wood 


Large structural members are of- 
ten produced by joining many small 
strips of wood together with glue to 
form laminated wood (called glulam 
for short) (Figure 4.24). There are 
three major reasons to laminate: 


Lamstock receiving 
and storage 


Grading and 
stiffness testing 


Trimming preparation 
for fingerjoining 


~ Final assembly, 
clamping and curing 


Trimming, sanding 


and finishing 


size, shape, and quality. Any desired 
size of structural member can be 
laminated, up to the capacities of the 
hoisting and transportation machin- 
ery needed to deliver and erect it, 
without having to search for a tree of 
sufficient girth and height. Wood can 
be laminated into shapes that cannot 
be obtained in nature: curves, an- 
gles, and varying cross sections (Fig- 
ure 4.25). Quality can be specified 
and closely controlled in laminated 
members because defects can be cut 
out of the wood before laminating. 
Seasoning is carried out before the 
wood is laminated (largely eliminat- 
ing the checks and distortions that 
characterize solid timbers), and the 
strongest, highest-quality wood can 
be placed in the parts of the member 
that will be subjected to the highest 
structural stresses. The fabrication 
of laminated members obviously 
adds to the cost per board foot, but a 
laminated member is often less costly 


overall than a solid timber of equal 
load-carrying capacity because its 
higher allowable stresses enable the 
use of a smaller member. In many 
cases, solid timbers are simply not 
available at any price in the required 
size, Shape, or quality. 

Individual laminations are usu- 
ally 1% inches (38 mm) thick except 
in curved members with small bend- 
ing radii where %4-inch (19-mm) stock 
is used. End joints between individual 
pieces are either finger jointed or scarf 
jointed. These types of joints allow the 
glue to transmit tensile and compres- 
sive forces longitudinally from one 
piece to the next within a lamination 
(Figure 4.26). Adhesives are chosen 
according to the moisture conditions 
under which the member will serve. 
Any size member can be laminated, 
but standard depths range from 3 to 
75 inches (76 to 1905 mm). Standard 
widths range from 2% to 14% inches 
(54 to 362 mm). 
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FIGURE 4.25 

Glue laminating a U-shaped timber. 
Several smaller members have also been 
glued and clamped and are drying along- 
side the larger timber. (Courtesy of Forest 
Products Laboratory, Forest Service, USDA) 


FIGURE 4.26 

Joints within a lamination of a glue- 
laminated beam, seen in the upper draw- 
ing in a small-scale elevation view, must 
be scarf jointed or finger jointed to trans- 
mit the tensile and compressive forces 
from one piece of wood to the next. The 
individual pieces of wood are prepared 
for jointing by high-speed machines that 
mill the scarf or fingers with rotating cut- 
ters of the appropriate shape. 
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FIGURE 4.27 

The J-joist in the front of this photograph 
consists of two flanges of laminated veneer 
lumber (LVL) glued to a web of oriented 
strand board (OSB). The third member 
from the front is a beam made of LVL. The 
remainder of the beams and posts in this 
photograph are made of parallel strand 
lumber (PSL). (Courtesy of Trus Joist 
MacMillan) 


FIGURE 4.28 

This PSL, made up of ribbons of 
wood veneer, is largely free of defects, 
making it far stronger and stiffer than 
ordinary dimension lumber. (Courtesy 
of Trus Joist MacMillan) 
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FIGURE 4.29 
Manufactured wood I-joists bundled as they are delivered to the site. This is the most common type of I-joist—with 
the vertical web made of OSB and the flanges at the top and bottom made of LVL. (Photo by Rob Thallon) 


Structural Composite Lumber 


A number of wood producers have 
developed structural composite lumber 
products that are made up of ordi- 
nary plywood veneers. Unlike ply- 
wood, however, in these products the 
grains of all the veneers are oriented 
in the longitudinal direction of the 
piece of lumber to achieve maximum 
bending strength. One type of prod- 
uct, laminated veneer lumber (LVL), uses 
the veneers in sheets and looks like 
a thick plywood with no crossbands 
(see Figure 4.27). In another type, 
parallel strand lumber (PSL), the ve- 


neers are sliced into narrow strands 
that are coated with adhesive, orient- 
ed longitudinally, pressed into a rect- 
angular cross section, and cured un- 
der heat and pressure (Figure 4.28). 
LVL is generally produced in smaller 
sizes that approximate those of di- 
mension lumber, whereas PSL is man- 
ufactured in a wide range of sizes, in- 
cluding large dimensions like those 
of glue-laminated timbers. Structural 
composite lumber products generally 
offer the same benefits as laminated 
wood products, but they can be pro- 
duced more economically through a 
higher degree of mechanization. 


Wood I-Joists 


Manufactured wood I-shaped mem- 
bers (/jovsts) are useful for framing of 
both roofs and floors (Figure 4.29). 
The flanges of the members may 
be made from solid lumber or LVL. 
The webs consist of plywood or OSB 
(which are discussed in the next sec- 
tion). Like trusses, these components 
use wood more efficiently than con- 
ventional rafters and joists, and they 
can span farther between supports 
than dimension lumber. Further ad- 
vantages include lighter weight than 
corresponding members made of 
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FIGURE 4.30 
Plywood is made of veneers selected to give the optimum combination of economy and performance for each application. This 


sheet of roof sheathing plywood is faced with a D veneer on the underside and a C veneer on the top side. These veneers, though 
unattractive, perform well structurally and are much less costly than the higher grades incorporated into plywoods made for uses 
where appearance is important. (Courtesy of APA—The Engineered Wood Association) 


FIGURE 4.31 

Five different wood panel products, 
from top to bottom: plywood, compos- 
ite panel, waferboard, oriented strand 
board, and particleboard. (Courtesy of 
APA-The Engineered Wood Association) 


dimension lumber, freedom from 
crooks and bows, and availability in 
lengths to 40 feet (12.2 m). Chapters 
9 and 10 show the use of Ijoists in 
wood framing. 


Wood Panel Products 


Wood in panel form is advantageous 
for many building applications (Fig- 
ure 4.30). The panel dimensions 
are usually 4 by 8 feet (1.22 by 2.44 
m). Panels require less labor for 
installation than boards because 
fewer pieces must be handled, and 
wood panel products are fabricated 
in such a way that they minimize 
many of the problems of boards 
and dimension lumber. Panels are 
more nearly equal in strength in 
their two principal directions than 
solid wood, and shrinking, swelling, 
checking, and splitting are greatly 
reduced. Additionally, panel prod- 
ucts make more efficient use of 
forest resources than solid wood 
products through less _ wasteful 
ways of reducing logs to building 
products and through utilization 
in some types of panels of materi- 
al that would otherwise be thrown 
away—branches, undersized trees, 
and mill wastes. 

Structural wood panel products fall 
into the following three general cat- 
egories (Figure 4.31): 


1. Plywood panels, which are made up 
of thin wood veneers glued together. 
The grain on the front and back face 
veneers runs in the same direction, 
while the grain in one or more interior 
crossbands runs in the perpendicular 
direction. There is always an odd num- 
ber of layers in plywood, which equal- 
izes the effects of moisture movement, 
but an interior layer may be made up 
of a single veneer or of two veneers 
with their grains running in the same 
direction. 

2. Composite panels, which have two 
parallel face veneers bonded to a 
core of reconstituted wood fibers. 

3. Nonveneered panels, which are of 
three different types: 
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a. Onented strand board (OSB), 
which is made of long, strandlike 
wood particles compressed and 
glued into three to five layers. The 
strands are oriented in the same 
manner in each layer as the grains 
of the veneer layers in plywood. 
Because of the length and con- 
trolled orientation of the strands, 
OSB is generally stronger and 
stiffer than the other two types of 
nonveneered panels. 


b. Waferboard, which is composed 
of large, waferlike flakes of wood 
compressed and bonded into pan- 
els. 


c. Particleboard, which is manufac- 
tured in several different classes, 
all of which are made up of smaller 
wood particles than OSB or wafer- 
board, compressed and bonded 
into panels. 


APA-The Engineered Wood 
Association has established perfor- 
mance standards that allow consid- 
erable interchangeability among 
these various types of panels for 
many construction uses. The stan- 
dards are based on the structural 
adequacy for a specified use, the 
dimensional stability under varying 
moisture conditions, and the dura- 
bility of the adhesive bond that holds 
the panel together. Because it can be 
produced from small trees and even 
branches, OSB is generally more eco- 
nomical than plywood and is gradu- 
ally replacing it in many construction 
applications. 


Plywood Production 


Veneers for structural panels are 
rotary sliced: Logs are soaked in hot 
water to soften the wood; then each 
log is rotated in a large lathe against 
a stationary knife that peels off a 
continuous strip of veneer, much as 
paper is unwound from a roll (Fig- 
ures 4.32 and 4.33). The strip of ve- 
neer is clipped into sheets that pass 
through a drying kiln where, in a 
few minutes, their moisture content 
is reduced to roughly 5 percent. 
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FIGURE 4.32 

Plywood manufacture. (a, b) A 250-horsepower lathe spins a soft- 
wood log as a knife peels off a continuous sheet of veneer for 
plywood manufacture. (c) An automatic clipper removes unus- 
able areas of veneer and trims the rest into sheets of the proper 
size for plywood panels. (d) The clipped sheets are fed into a 
continuous forced-air dryer, along whose 150-foot (45-m) path 
they will lose about half of their weight in moisture. (e) Leaving 
the dryer, the sheets have a moisture content of about 5 percent. 
They are graded and sorted at this point in the process. (f) The 
higher grades of veneer are patched on this machine, which 
punches out defects and replaces them with tightly fitted wood 
plugs. (g) In the layup line, automatic machinery applies glue to 
one side of each sheet of veneer and alternates the grain direc- 
tion of the sheets to produce loose plywood panels. (h) After 
layup, the loose panels are prepressed with a force of 300 tons 
per panel to consolidate them for easier handling. (7) Following 
prepressing, panels are squeezed individually between platens 


heated to 300°F (150°C) to cure the glue. (j) After trimming, 
sanding, or grooving as specified for each batch, the finished 


plywood panels are sorted into bins by grade, ready for ship- 
ment. (Photos b and i courtesy of Georgia-Pacific; others courtesy of 
APA-The Engineered Wood Association) 
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ROTARY SLICING 


PLAIN SLICING 
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QUARTER SLICING 


FIGURE 4.33 

Veneers for structural plywood are rotary sliced, which is the most economical 
method. For better control of grain figure in face veneers of hardwood plywood, 
flitches are plain sliced or quarter sliced. The grain figure produced by rotary slicing, 
as seen in the detail to the right, is extremely broad and uneven. The finest figures 
are produced by quarter slicing, which results in a very close grain pattern with 
prominent rays. 


The sheets are then assembled into 
larger sheets, repaired as necessary 
with patches glued into the sheet 
to fill open defects, and graded 
and sorted according to quality (Fig- 
ure 4.34). A machine spreads glue 
onto the veneers as they are laid 
atop one another in the required 
sequence and grain orientations. 
The glued veneers are transformed 
into plywood in presses that apply 
elevated temperatures and pressures 
to create dense, flat panels. The 
panels are trimmed to size, sanded 
as required, graded, and _ grade- 
stamped before shipping. Grade B 
veneers and higher are always sand- 
ed smooth, but panels intended for 
sheathing are always left unsanded 
because sanding slightly reduces 
the thickness, which diminishes the 
structural strength of the panel. Pan- 
els intended for subfloors and floor 
underlayment are lightly touch sanded 
to produce a more flat and uniform 
surface without seriously affecting 
their structural performance. 

Veneers for hardwood plywoods 
intended for interior paneling and 
cabinetwork are usually sliced from 
square blocks of wood called /litches 
in a machine that moves the flitch 
vertically against a stationary knife 
(Figure 4.33). Flitch-sliced veneers 
are analogous to quartersawn lum- 
ber: They exhibit a much tighter and 
more interesting grain figure than 
rotary-sliced veneers. They can also 
be arranged on the plywood face in 
such a way as to produce symmetrical 
grain patterns. 

Standard plywood panels are 4 by 
8 feet (1220 by 2440 mm) in surface 
area and range in thickness from “4 
to 1 inch (6.4 to 25.4 mm). Longer 
panels are manufactured for siding 
and industrial use. Actual surface di- 
mensions of the structural grades of 
plywood are slightly less than nomi- 
nal. This permits the panels to be 
installed with small spaces between 
them to allow for moisture expan- 
sion. Composite panels and nonve- 
neered panels are manufactured by 
analogous processes to the same set 


TABLE 1 


VENEER GRADES 


Smooth, paintable. Not more than 18 neatly made repairs, boat, sled, or router type, and 
parallel to grain, permitted. Wood or synthetic repairs permitted. May be used for natural 
finish in less demanding applications. 

Plugged 


C Tight knots to 1-1/2 inch. Knotholes to 1 inch across grain and some to 1-1/2 inch if total 


Solid surface. Shims, sled or router repairs, and tight knots to 1 inch across grain permitted. 
Wood or synthetic repairs permitted. Some minor splits permitted. 


Improved C veneer with splits limited to 1/8-inch width and knotholes or other open defects 
limited to 1/4 x 1/2 inch. Wood or synthetic repairs permitted. Admits some broken grain. 


width of knots and knotholes is within specified limits. Synthetic or wood repairs. Discol- 
oration and sanding defects that do not impair strength permitted. Limited splits allowed. 
Stitching permitted. 


specified limits. Limited splits are permitted. Stitching permitted. Limited to 
Exposure 1 or Interior panels. 


D Knots and knotholes to 2-1/2-inch width across groin and 1/2 inch larger within 


FIGURE 4.34 
Veneer grades for softwood plywood. (Courtesy of APA—The Engineered Wood Association) 


APA APA 


THE ENGINEERED THE ENGINEERED 
WOOD ASSOCIATION WOOD ASSOCIATION 
1 — RATED STURD-I-FLOOR P 1 —— RATED SHEATHING 6 — RATED some 9 
2 — 24 og 2382 mH 2 — 48/24 23/32 INCH — pac iae + a 4 
3 — rider waniern 4 —"SRSaaRe ae 
4 EXPOSURE 1 7 i 000 4 EXTERIOR : 
S — P81-85 unpemarmenT 5 rite suo-umeasc — 1] 5 —— P8145 press ——8 1, 
13 —— 2R48/2F24 
17.5mm 
14 CSA 0325 


1 Panel grade 9 Siding face grade 

2 Span Rating 10 Species group number 

3 Tongue-and-groove 11 HUD/FHA recognition 

4 Exposure durability classification 12 Panel grade, Canadian standard 

5 Product Standard 13 Panel mark — Rating and end-use 

6 Thickness designation, Canadian standard. 
. 14 Canadian performance-rated 

7 eahiedessh panel standard 

6 iss jormance Rated Panel 15 Panel face orientation indicator 

FIGURE 4.35 


Typical gradestamps for structural wood panels. Gradestamps are found on the back 
of each panel. (Courtesy of APA—The Engineered Wood Association) 
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of standard sizes as plywood panels 
and to some larger sizes as well. 


Specifying Structural 
Wood Panels 


For structural uses such as subfloor- 
ing and sheathing, wood panels may 
be specified either by thickness or 
by span rating. The span rating is de- 
termined by laboratory load testing 
and is given on the gradestamp on 
the back of the panel, as shown in 
Figures 4.35 and 4.36. The purpose 
of the span rating system is to permit 
the use of many different species of 
woods and types of panels to achieve 
the same structural objectives. A 
panel with a span rating of 32/16 
may be used as roof sheathing over 
rafters spaced 32 inches (813 mm) 
apart or as subflooring over joists 
spaced 16 inches (406 mm) apart. 
The long dimension of the sheet 
must be placed perpendicular to the 
length of the supporting members. A 
32/16 panel may be plywood, com- 
posite, or OSB, may be composed of 
any accepted wood species, and may 
be any of several thicknesses, so long 
as it passes the structural tests for a 
32/16 rating. 

The designer must also select 
from three exposure durability classifica- 
tions for structural wood panels: Exte- 
rior, Exposure 1, and Exposure 2. Panels 
marked “Exterior” are suitable for 
use as siding or in other permanently 
exposed applications. Exposure 1 
panels have fully waterproof glue but 
do not have veneers of as high a qual- 
ity as those of Exterior panels; they 
are suitable for structural sheathing 
and subflooring, which must often 
endure repeated wetting during con- 
struction. Exposure 2 is suitable for 
panels that will be fully protected 
from weather and will be subjected 
to a minimum of wetting during con- 
struction. About 95 percent of struc- 
tural panel products are classified as 
Exposure 1. 

For panels intended as finish sur- 
faces, the quality of the face veneers 
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TABLE 2 
GUIDE TO APA PERFORMANCE RATED PANELS(®)(b) 


FOR APPLICATION RECOMMENDATIONS, SEE FOLLOWING PAGES. 


APA RATED SHEATHING 
Typical Trademark 


WOOD ASSOCIATION WOOD ASSOCIATION 
RATED SHEATHING RATED SHEATHING 
40/20 19/32 INCH 24/16 7/6 INCH 
no 
000 00 
PS 2-82 SHEATHING PRP-108 HUD-UM-40C 


Specially designed for subflooring and wall and roof sheathing. 

Also good for a broad range of other construction and industrial 
applications. Can be manufactured as plywood, as a composite, 

or as OSB. EXPOSURE DURABILITY CLASSIFICATIONS: Exterior, 
Exposure 1, Exposure 2. COMMON THICKNESSES: 5/16, 3/8, 7/16, 
15/32, 1/2, 19/32, 5/8, 23/32, 3/4. 


APA STRUCTURAL | 
RATED SHEATHING() 


Typical Trademark WOODASSOCIATION WOOD ASSOCIATION 
RATED SHEATHING RATED SHEATHING 
32/16 152 INCH 
32/16 "882 wcH SIZED FOR SPACING 
EXPOSURE 1 ams 000 Ae 
000 aes STRUCTURAL | RATED 


APA RATED STURD-I-FLOOR 
Typical Trademark 


THE ENGINEERED THE ENGINEERED 
WOOD ASSOCIATION WOOD ASSOCIATION 
RATED STURD-I-FLOOR RATED STURD-I-FLOOR 
24 oc 2382INCH =—-90) og 192 INCH 
ragnerwomei2 —Teawet wumar2 
EXPOSURE 1 E 1 
00 ee 00 
PS 2-92 SINGLE FLOOR PRP-108 HUD-UM-40C 
PRP-108 HUD-UM-40C 


APA RATED SIDING 
Typical Trademark 


WOOD ASSOCIATION WOOD ASSOCIATION 
RATED SIDING RATED SIDING 
24 oc 19/32 INCH iste Ee 
Sues Fen oracene 16 OC caovr: 
EXPOSURE 1 ‘SIZED FOR SPACING 

a= 000 EXTERIOR 
PRP-108 HUD-UM-49C 000 ae 
—_—_ PS1-95 PRP-108 
ee. ae 
————_—_ 


Unsanded grade for use where shear and cross-panel strength 
properties are of maximum importance, such as panelized roofs 

and diaphragms. Can be manufactured as plywood, as a composite, 
or as OSB, EXPOSURE DURABILITY CLASSIFICATIONS: Exterior, 
Exposure 1. COMMON THICKNESSES: 5/16, 3/8, 7/16, 15/32, 1/2, 
19/32, 5/8, 23/32, 3/4. 


Specially designed as combination subfloor-underlayment. Provides 
smooth surface for application of carpet and pad and possesses high 
concentrated and impact load resistance. Can be manufactured as 
plywood, as a composite, or as OSB. Available square edge or tongue- 
and-groove. EXPOSURE DURABILITY CLASSIFICATIONS: Exterior, 
Exposure 1, Exposure 2. COMMON THICKNESSES: 19/32, 5/8, 
23/32, 3/4, 1, 1-1/8. 


For exterior siding, fencing, etc. Can be manufactured as plywood, 

as a composite or as an overlaid OSB. Both panel and lap siding 
available. Special surface treatment such as V-groove, channel groove, 
deep groove (such as APA Texture 1-11), brushed, rough sawn and 
overlaid (MDO) with smooth- or texture-embossed face. Span Rating 
(stud spacing for siding qualified for APA Sturd-l-Wall applications) 

and face grade classification (for veneer-faced siding) indicated in 
trademark. EXPOSURE DURABILITY CLASSIFICATION: Exterior. 
COMMON THICKNESSES: 11/32, 3/8, 7/16, 15/32, 1/2, 19/32, 5/8. 


(a) Specific grades, thicknesses and exposure durability classifications may be 
in limited supply in some areas. Check with your supplier before specifying. 
(b) Specify Performance Rated Panels by thickness and Span Rating. 

Span Ratings are based on panel strength and stiffness. Since these properties 
are a function of panel composition and configuration as well as thickness, 
the same Span Rating may appear on panels of different thickness. 
Conversely, panels of the same thickness may be marked with 

different Span Ratings. 


FIGURE 4.36 


(c) All plies in Structural | plywood panels are special improved grades and 
panels marked PS 1 are limited to Group 1 species. Other panels marked 
Structural | Rated qualify through special performance testing. Structural II 
plywood panels are also provided for, but rarely manufactured. Application 
recommendations for Structural II plywood are identical to those for 

APA RATED SHEATHING plywood. 


A guide to specifying structural panels. Plywood panels for use in paneling, furniture, and other applications where appearance is 
important are graded by the quality of their face veneers. (Courtesy of APA—The Engineered Wood Association) 


is of obvious concern and should be 
specified by the designer. For some 
types of work, fine flitch-sliced hard- 
wood face veneers may be selected, 
rather than rotary-sliced softwood 
veneers, and the matching pattern of 
the veneers specified. 


Other Wood Panel Products 


Several types of nonstructural or 
semistructural panels of wood fiber 
are often used in construction. Hard- 
board is a thin, dense panel made of 
highly compressed wood fibers. It is 
available in general-purpose panels 
of standard dimension and in sev- 
eral thicknesses and surface finishes. 
Cane fiberboard is a thick, low-density 
panel with some thermal insulating 
value; it is used in wood construc- 
tion chiefly as nonstructural or semi- 
structural wall sheathing. Panels 
made of recycled paper are low in 
cost and are useful for wall sheath- 
ing, carpet underlayment, and in- 
corporation in certain proprietary 
types of roof decking and insulating 
assemblies. 


Wood-Based Siding Products 


The ideal lumber for exterior finish 
applications such as siding is virtu- 
ally free of knots and other defects, 
has an even grain, and is preferably 
of a decay-resistant species that holds 
paint well. Such wood has grown 
quite expensive as forest quality has 
declined. This has led to the devel- 
opment of a number of wood-based 
products designed specifically for use 
as siding and exterior trim boards. 
These products tend to be less expen- 
sive than solid wood, and all of them 
promise better paint longevity and 
improved appearance. 

For many such products, actual 
performance has not lived up to 
advertising claims. Patented siding 
materials made of short wood fibers 
and organic binders have failed spec- 
tacularly in an astonishing number of 
cases. In many instances, they have 


absorbed water and swelled. Decay 
has been so rampant in many instal- 
lations that mushrooms have grown 
directly from the damp siding. Large 
class-action lawsuits were filed against 
several manufacturers in various ar- 
eas of North America and large sums 
of money were paid out, with many 
suits still pending in the courts. Sever- 
al manufacturers have reentered the 
siding market with improved wood 
composites that are generally based 
on OSB technology. Generous guar- 
antees of performance are offered, 
but insufficient time has passed to 
know for certain how these products 
will weather. 

Siding material made of very 
fine sand, wood fiber, and portland 
cement appears to be much more 
durable and is backed by a 50-year 
warranty. It does not absorb signifi- 
cant quantities of water. It is easily 
painted and holds paint much lon- 
ger and better than wood. It is more 
stable dimensionally than wood 
siding. It does not decay or burn. 
It is indistinguishable from wood 
after it has been painted. It is avail- 
able from several manufacturers in 
planks, sheets, and shingles and is 
relatively economical. Its chief dis- 
advantages relate to installation: It 
is much heavier and more difficult 
to handle than wood siding. It dulls 
saw blades very quickly and gener- 
ates a fine sawdust containing silica, 
which is unhealthy to breathe. Many 
installers use special electric shears 
that do not generate dust instead of 
saws. Fiber-cement siding planks are 
not beveled, as wood is, and they are 
nailed along the upper edge only, 
where the nail heads are concealed 
and protected from weather by 
the overlapping plank from above. 
This is different from the way that 
wood siding boards are nailed (see 
page XXX), and it sometimes leads 
to the bottom edges of some planks 
pulling away from the wall and hav- 
ing to be secured with exposed nails. 
Overall, wood fiber/portland ce- 
ment is considered to be an excel- 
lent siding material. 
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CHEMICAL TREATMENT 


Various chemical treatments have 
been developed to counteract two 
major weaknesses of wood: its com- 
bustibility and its susceptibility to 
attack by decay and insects. Fire- 
retardant treatment is accomplished 
by placing lumber in a pressure ves- 
sel and impregnating it with certain 
chemical salts that greatly reduce its 
combustibility. The cost of fire-retar- 
dant-treated wood is such that it is 
little used in single-family residential 
construction. Its major uses are roof 
sheathing in attached houses and 
nonstructural partitions and other 
interior components in buildings of 
fire-resistant construction. 

Decay and insect resistance is 
very important in wood that is used 
in or very close to the ground, and 
in wood used for exposed outdoor 
structures such as marine docks, 
fences, decks, and porches. Decay-re- 
sistant treatment is accomplished by 
pressure impregnation with any of sev- 
eral types of preservatives. Creosote is 
an oily derivative of coal that is widely 
used in engineering structures, but 
because of its odor, toxicity, and un- 
paintability, it is unsuitable for most 
purposes in building construction, 
and its use is banned in many local 
areas. Pentachlorophenol is also impreg- 
nated as an oil solution, and, as with 
other oily preservatives, wood treated 
with it cannot be painted. The most 
widely used preservatives in building 
construction are waterborne salts. The 
most common of these is chromated 
copper arsenate (CCA), which im- 
parts a greenish color to the wood but 
permits subsequent painting or stain- 
ing. A newer formulation is based on 
copper and quaternary ammonia and 
causes wood to weather to a warm 
brown color. Preservatives based on 
boron compounds are also available. 
Preservatives of any of these types can 
be brushed or sprayed onto wood, 
but long-lasting protection (30 years 
and more) can only be accomplished 
by pressure impregnation. Wood 
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treated with waterborne salts is of- 
ten sold without drying, which is ap- 
propriate for use in the ground, but 
for interior use, it must be kiln dried 
after treatment. Because of the poi- 
sonous nature of most types of wood 
preservatives, their use is often con- 
trolled by environmental regulations. 

The heartwood of some species 
of wood is naturally resistant to decay 
and insects and can be used instead 
of preservative-treated wood. The 
most commonly used decay-resistant 
species are redwood, bald cypress, 
and red and white cedars. The sap- 
wood of these species is no more re- 
sistant to attack than that of any other 
tree, so “All-Heart” grade should be 
specified. 

Wood-polymer composite planks in- 
tended for use in outdoor construc- 
tion are a recent addition to the lum- 
ber market. A typical product of this 
type is made from wood fiber and 
recycled polyethylene. Its advantages 
are decay resistance and easy work- 
ability. Most such products are not as 
stiff as sawn lumber and require spe- 
cial attention to structural consider- 
ations in design. 

Most wood-attacking organisms 
need both air and moisture to live. 
Most can therefore be kept out of 
wood by constructing and maintain- 
ing a building so that its wood com- 
ponents are kept dry at all times. 
This includes keeping all wood well 
clear of the soil, ventilating attics and 
crawlspaces to remove moisture, us- 
ing good construction detailing to 
keep wood dry, and fixing roof and 
plumbing leaks as soon as they occur. 


Woop FASTENERS 


Fasteners have always been the weak 
link in wood construction. The in- 
terlocking timber connections of the 
past, laboriously mortised and pegged, 
were weak because much of the wood 
in a joint had to be removed to make 
the connection. In today’s wood con- 
nections, it is usually impossible to 
insert enough nails, screws, or bolts 


in a connection to develop the full 
strength of the members being joined. 
Adhesives and toothed plates are often 
capable of achieving this strength, but 
their use is largely limited to the fac- 
tory. Fortunately, most connections in 
wood structures depend primarily on 
the direct bearing of one member on 
another for their strength, and a vari- 
ety of simple fasteners are adequate 
for the majority of purposes. 


Nails 


Nails are sharpened metal pins that 
are driven into wood with a hammer 
or a mechanical nail gun. Common 
nails and finish nails are the two types 
most frequently used. Common nails 
have flat heads and are used for most 
structural connections in light frame 
construction. Finish nails are virtually 
headless and are used to fasten finish 
woodwork, where they are less obtru- 
sive than common nails (Figure 4.37). 

In the United States, the size of 
a nail is measured in pennies. This 
strange unit probably originated long 
ago as the price of 100 nails of a given 
size and persists in use despite the ef- 
fects of inflation on nail prices. Fig- 
ure 4.38 shows the dimensions of the 
various sizes of common nails. Finish 
nails are the same length as common 
nails of the corresponding penny des- 
ignation. 

Nails are ordinarily furnished 
bright, meaning that they are made of 
plain, uncoated steel. Nails that will 
be exposed to the weather should be 
of a corrosion-resistant type, for ex- 
ample, hot-dip galvanized, aluminum, 
or stainless steel. (The zinc coating on 
electrogalvanized nails is very thin and is 
often damaged during driving.) Cor- 
rosion resistance is particularly impor- 
tant in nails for exterior siding, trim, 
and decks, which would be stained by 
rust leaching from bright nails. 

The three methods of fastening 
with nails are shown in Figure 4.39. 
Each of these methods has its uses in 
building construction, as illustrated 
in Chapters 9 and 20. Nails are the 
favored means of fastening wood 
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FIGURE 4.37 

All nailed framing connections are made 
with common nails or their machine- 
driven equivalent. Box nails, which are 
made of lighter-gauge wire, do not have 
as much holding power as common nails; 
they are used in construction for attach- 
ing wood shingles. Casing nails, finish 
nails, and brads are used for attaching 
finish components of a building. Their 
heads are set below the surface of the 
wood with a steel punch, and the holes 
are filled before painting. Deformed 
shank nails, which are very resistant to 
withdrawal from the wood, are used for 
such applications as attaching gypsum 
wallboard and floor underlayment, 
materials that cannot be allowed to work 
loose in service. Concrete nails can be 
driven short distances into masonry or 
concrete for attaching furring strips and 
sleepers. Cut nails, once widely used for 
framing connections, are now used most- 
ly for attaching finish flooring because 
their square tips punch through the 
wood rather than wedge through, mini- 
mizing splitting of brittle woods. The 
large head on roofing nails is needed to 
apply sufficient holding power to the 
soft material of which asphalt shingles 
are made. 
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FIGURE 4.38 

Standard sizes of common nails, 
reproduced full size. The abbreviation 
“d” stands for “penny.” The length of 
each nail is given below its size designa- 
tion. The three sizes of nail most used in 
light frame construction, 16d, 10d, and 
8d, are shaded. 
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FIGURE 4.39 

Face nailing is the strongest of the three 
methods of nailing. End nailing is relatively 
weak and is useful primarily for holding 
framing members in alignment until gravity 
forces and applied sheathing make a stronger 
connection. Toe nailing is used in situations 
where access for end nailing is not available. 
Toe nails are surprisingly strong. Load tests 
show them to carry about five-sixths as much 
load as face nails of the same size. 
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because they require no predrilling 
of holes under most conditions and 
can be installed very quickly. 


Wood Screws and Lag Screws 


Screws are inserted into drilled holes 
and turned into place with a screw- 
driver or wrench (Figure 4.40). They 
are little used in ordinary wood light 
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FIGURE 4.40 

Flat-head screws are used without 
washers and are driven flush with the 
surface of the wood. Round-head screws 
are used with flat washers, and oval-head 
with countersunk washers. The drywall 
screw does not use a washer and is the 
only screw shown here that does not 
require a predrilled hole. Slotted, hex, 
and Phillips heads are all common. 


framing because they cost more and 
take much longer to install than 
nails, but they are often used in 
cabinetwork, in furniture, and for 
mounting hardware such as hinges. 
Screws form tighter, stronger connec- 
tions than nails and can be backed 
out and reinserted if a component 
needs to be adjusted or remounted. 
Very large screws for heavy structural 
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FIGURE 4.41 

Both machine bolts and carriage bolts 
are used in wood construction. Carriage 
bolts have a broad button head that 
needs no washer and a square shoulder 
under the head that is forced into the 
drilled hole in the wood to prevent the 
bolt from turning as the nut is tightened. 


connections are called lag screws. They 
have square or hexagonal heads and 
are driven with a wrench rather than 
a screwdriver. Small drywall screws, 
which can be driven by a power screw- 
driver, without first drilling holes in 
most cases, are used to attach gypsum 
board to wood framing members and 
can be installed at least as rapidly as 
nails. They are weak and extremely 
brittle, however, so they cannot be 
used for structural connections. 
Machine-driven screws of various 
kinds are also finding increasing use 
for attaching subflooring to joists in 
wood light frame construction; they 
result in a tighter floor construction 
that is less likely to squeak. Deck screws 
are now replacing nails as the pre- 
ferred method of attaching outdoor 
decking boards to joists or girders be- 
cause they are less likely to withdraw, 
and they hold the decking tighter to 
the frame, restraining it from warp- 
ing and twisting. 

Manufacturers are increasing the 
introduction of new types of screws 
for use in construction. Many of these 
new screw designs have been tested 
for use in loadbearing situations. It 
seems likely that screws will play an 
increasingly important role in resi- 
dential construction. 


Bolts 


Bolts are used for major structural 
connections in heavy timber fram- 
ing. Commonly used bolts range in 
diameter from % to 1 inch (9.53 to 
25.4 mm), in any desired length. Flat 
steel disks called washers are inserted 
under the heads and nuts of bolts to 
distribute the compressive force from 
the bolt across a greater area of wood 
(Figure 4.41). 


Toothed Plates 


Toothed plates (Figure 4.42) are used 
in factory-produced lightweight roof 
and floor trusses. They are inserted 
into the wood with hydraulic presses, 
pneumatic presses, or mechanical 


FIGURE 4.42 
Manufacturers of toothed plate connectors also manufacture the machinery to install 


them and provide computer programs to aid local truss fabricators in designing and 
detailing trusses for specific buildings. The truss drawing in this photograph was 
generated by a plotter driven by such a program. The small rectangles on the drawing 
indicate the positions of toothed plate connectors at the joints of the truss. (Courtesy of 
Gang-Nail System, Inc.) 
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rollers and act as metal splice plates, 
each with a very large number of 
built-in nails (Figures 4.43 to 4.45). 
They are extremely effective connec- 
tors because their multiple closely 
spaced points interlock tightly with 
the fibers of the wood. 


Sheet Metal and Metal 
Plate Framing Devices 


Dozens of ingenious sheet metal and 
metal plate devices are manufactured 
for strengthening common connec- 
tions in wood framing. The most fre- 
quently used is the jozst hanger, but all 
of the devices shown in Figures 4.46 
and 4.47 find extensive use. There 
are two parallel series of this type of 
device, one made of sheet metal for 
use in light framing and one made of 
thicker metal plate for heavy timber 
and laminated wood framing. The 
devices for light framing are attached 
with nails. The heavier devices are 
held with bolts or lag screws. 


Machine-Driven 
Staples and Nails 


The speed of wood frame construc- 
tion can be increased significantly 
through the use of pneumatically op- 
erated nail guns and staple guns. The 
nails or staples are of special design 
and are prepackaged by the manu- 
facturer in self-feeding strips, each 
containing a large number of fasten- 
ers. These are loaded into guns that 
are powered by high-pressure air fed 
through a hose from a small air com- 
pressor. They can be driven one by 
one as fast as the operator can pull 
the trigger. Several uses of machine- 
driven nails and staples are illustrated 
in Chapters 9, 10, 13, and 19. 


Adhesives 


Adhesives are widely employed in the 
factory production of plywood and 
panel products, laminated wood, 
wood structural components, and 
cabinetwork but have relatively few 
uses on the construction job site. 


104 / Part Two: Materials 


FIGURE 4.43 

Factory workers align the wood members 
of a roof truss and position toothed 
plate connectors over the joints, tapping 
them with a hammer to embed them 
lightly and keep them in place. The roller 
labeled “Gantry” then passes rapidly 
over the assembly table and presses the 
plates firmly into the wood. (Courtesy of 
Structural Building Components Association) 


FIGURE 4.44 

Some types of trusses are transported to 
the construction site on a special trailer. 
(Courtesy of Structural Building Components 
Association) 


FIGURE 4.45 

Trusses can be designed and produced 
in almost any configuration. (Courtesy of 
Structural Building Components Association) 
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FIGURE 4.46 

Joist hangers are used to make strong connections in floor framing wherever wood 
joists bear on one another at right angles. The heavier steel beam hangers are used 
primarily in heavy timber construction. Post bases serve the twofold function of 
preventing water from entering the end of the post and anchoring the post to the 
foundation. The bolts and lag screws used to connect the wood members to the 
heavier connectors are omitted from this drawing. 


Chapter 4 * The Material Wood / 105 


FRAMING 
ANCHORS 


FIGURE 4.47 

The sheet metal connectors shown in this 
diagram are invaluable in solving special 
framing problems and in reinforcing 
frames against wind uplift and earth- 
quake forces. 
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This disparity is explained by the 
need to clamp and hold adhesive 
joints under controlled environ- 
mental conditions until the ad- 
hesives have cured, which is easy 
to do in the shop but much more 
cumbersome and unreliable in the 
field. Mastic-type job site adhesives 
are widely used, however, to secure 
subflooring panels to wood framing. 
They are applied with a sealant gun 
and are clamped by simply nailing 
the panels to the framing. The nails 
usually serve as the primary struc- 
tural connection, with the adhesive 
acting to eliminate squeaks in the 
floor. 


Woop-MANUFACTURED 
BUILDING COMPONENTS 


Dimension lumber, structural panel 
products, mechanical fasteners, and 
adhesives are used in combination to 
manufacture a number of highly ef- 
ficient structural components that of- 
fer certain advantages to the designer 
of wooden buildings. 


Trusses 


Trusses for both roof and floor con- 
struction are manufactured in small, 
highly efficient plants in every part 
of North America. Most are based on 
2 x 4s and 2 x 6s joined with toothed 
plate connectors. The designer or 
builder needs to specify only the 
span, the roof pitch, and the desired 
overhang detail. The truss manufac- 
turer either uses a preengineered 
design for the specified truss or em- 
ploys a sophisticated computer pro- 
gram to engineer the truss and de- 
velop the necessary cutting patterns 
for its constituent parts. A variety of 
trusses is shown in Figures 4.43 to 
4.45, and several uses of trusses are 
depicted in Chapter 10. 

Roof trusses use less wood than 
a comparable frame of conventional 
rafters and ceiling joists. Like floor 
trusses, they span the entire width 


of the building in most applications, 
allowing the designer complete free- 
dom to locate interior partitions any- 
where they are needed. The chief 
disadvantages of roof trusses, as they 
are most commonly used, are that 
they make the attic space unusable 
and that they generally restrict the 
designer to the spatial monotony of 
a flat ceiling throughout the build- 
ing. Truss shapes can be designed 


and manufactured to overcome 
both these limitations, however 
(Figure 4.45). 


TYPES OF WooD 
CONSTRUCTION 


For residential construction, the 
wood light frame is the predominant 
system, accounting for over 95 per- 
cent of all new and remodeling work. 
The wood light frame is discussed in 
Chapters 9 and 10. Other wood sys- 
tems such as the hand-hewn frames of 
centuries past, the stacked log struc- 
tures of the early settlers, and the re- 
cent prefabricated panel systems are 
used as well. These systems are de- 
tailed in Chapters 23, 25, and 27. 


BUILDING GREEN WITH 
Woop 


Wood is the only major structural ma- 
terial that is renewable. In the United 
States and Canada, tree growth each 
year greatly exceeds the volume of 
harvested trees. However, timber- 
lands are owned by literally millions 
of different entities, many of which 
do not yet manage them in a sustain- 
able manner. 

On other continents, many coun- 
tries long ago felled the last of their 
forests, and many forests in other 
countries are being depleted by poor 
management practices and slash-and- 
burn agriculture. It is wise to look 
into the background of tropical hard- 
woods to determine whether they are 
grown in a sustainable manner. 


Forestry Practices 


¢ Two basic forms of forest manage- 
ment are practiced in North America: 
clearcutting with replanting and sus- 
tainable forestry. The clearcutting 
forest manager meets production by 
cutting all the trees in an area; leav- 
ing the stumps, tops, and limbs to 
decay and become compost; setting 
out new trees; and tending the new 
trees until they are ready for harvest- 
ing. In sustainable forestry, trees are 
harvested selectively from a forest in 
such a way as to maintain at all times 
the biodiversity of a natural forest. 


e Environmental problems often 
associated with logging of forests in- 
clude loss of wildlife habitat, soil ero- 
sion, pollution of waterways, and air 
pollution from machinery exhausts 
and burning of logging wastes. A re- 
cently clearcut forest is a shockingly 
ugly tangle of stumps, branches, tops, 
and substandard logs left to decay. It 
is crisscrossed by deeply rutted, mud- 
dy haul roads. Within a few years, de- 
cay of the waste wood and new tree 
growth largely heal the scars. Loss of 
forest area may raise levels of carbon 
dioxide, a greenhouse gas, in the at- 
mosphere, because living trees take 
up carbon dioxide from the air, use 
the carbon for growth, and give back 
pure oxygen to the atmosphere. 


e The buyer of wood products can 
support sustainable forestry practices 
by specifying products from certified 
sustainable forests. At present, how- 
ever, only a small percentage of avail- 
able lumber originates in certified 
forests. 


Mill Practices 


e Skilled sawyers working with good 
equipment can convert a high per- 
centage of each log into marketable 
wood products. A measure of sawmill 
performance is the lumber recovery 
factor (LRF), which is the net volume 
of wood products generated from a 
cubic meter of log. 


e Manufactured wood products 
such as OSB, particleboard, finger- 
jointed lumber made by gluing short 
pieces end to end, wood I-joists, and 
laminated strand are very efficient in 
using most of the wood fiber in a tree. 


e Kiln drying uses large amounts of 
fuel but produces more stable, uni- 
form lumber than air drying, which 
uses only sunlight and wind. 


e Mill wastes are voluminous: Bark 
may be shredded to sell as landscape 
mulch, composted, burned, or bur- 
ied in a landfill. Sawdust, chips, and 
wood scraps may be used in manu- 
factured wood panel products such 
as particleboard and OSB; burned to 
generate steam to power the mill; or 
used as livestock bedding, compos- 
ted, burned, or buried in a landfill. 


Transportation 


e Because the major commercial 
forests are located in corners of the 
United States and Canada, most 
lumber must be shipped consider- 
able distances. Fuel consumption is 
minimized by planing and drying the 
lumber before it is shipped, which re- 
duces both weight and volume. 


Energy Content 


¢ Wood has an embodied energy 
content that is significantly lower 
than competing structural materials. 
An average 8-foot-long 2 x 4 (2.4 m 
long and 38 x 89 mm wide) has an 
embodied energy of about 30,000 Btu 
(120,000 kcal). This includes the en- 
ergy expended to fell the tree, trans- 
port the log, saw and surface the lum- 
ber, dry it in a kiln, and transport it to 
a building site. 

¢ Wood contains a large amount of 
embodied energy that does not ap- 
pear in this accounting. This energy 
was obtained free of charge in the 
form of sunlight during the growth 
of the tree. 


¢ Wood construction involves large 
numbers of steel fasteners of various 


kinds. Because steel is produced by 
relatively energy-intensive processes, 
fasteners add considerably to the 
total energy embodied in a wood 
frame building. 


Construction Process 


e A significant fraction of the lum- 
ber delivered to a construction site is 
wasted. It is cut off when each piece 
is sawn to size and shape and ends up 
on the scrap heap, which is usually 
burned or taken to a landfill. On-site 
cutting of lumber also generates con- 
siderable quantities of sawdust. Con- 
struction site waste can be reduced 
by designing buildings that use full 
standard lengths of lumber and full 
sheets of wood panel materials. Recy- 
cling programs for construction site 
waste are available in some areas. 


Indoor Air Quality 


¢ Wood itself seldom causes indoor 
air quality (IAQ) problems. Very few 
people are sensitive to the odor of 
wood. Preservative-treated woods can 
give off small amounts of dust con- 
taining arsenic compounds, though 
such dust has not been shown to cre- 
ate health problems. 


e Some of the adhesives and binders 
used in plywood, OSB, particleboard, 
and laminated timbers can cause seri- 
ous IAQ problems by giving off vola- 
tile organic compounds (VOCs) such 
as formaldehyde. 


¢ In damp locations, molds and 
fungi may grow on wood members, 
creating unpleasant odors and releas- 
ing spores to which many people are 
allergic. 


Building Life Cycle 


e If the wood frame of a building 
is kept dry and away from fire, it 
will last indefinitely. However, if the 
building is poorly maintained, wood 
components may decay and require 
replacement. 
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¢ Wood is combustible and gives off 
toxic gases when it burns. These gases 
are the principal cause of death in 
building fires. It is important to keep 
sources of ignition away from wood 
and to provide smoke alarms and 
easy escape routes to assist building 
occupants in escaping from burning 
buildings. 

e When a building is demolished, 
wood framing members can be recy- 
cled directly into the frame of anoth- 
er building, sawn into new boards or 
timbers, or shredded as raw material 
for oriented strand materials. There 
is a growing industry whose business 
is purchasing and demolishing old 
barns, mills, and factories and selling 
their timbers. 


e Arecent Canadian study of the en- 
tire life cycle of a small office building 
compares similar buildings framed 
with wood, steel, and concrete. The 
total energy used for the wood build- 
ing is about half of that for the steel 
building and two-thirds of that for 
the concrete building. The wood 
building won handily in every other 
category as well, including green- 
house gas emissions, air pollution, 
solid waste generation, and ecologi- 
cal impact. 


Preservative-Treated Wood 


e The most toxic wood preserva- 
tives, creosote and pentachlorophe- 
nol, are oily substances used only in 
industrial products such as railroad 
ties and utility poles. In most areas, 
their use in or around residences is 


prohibited by law. 


e For many decades, the most widely 
used wood preservative for residen- 
tial and landscape construction was 
CCA. Because this substance contains 
arsenic and chromium, both very 
poisonous, it is no longer in general 
use in residential construction, and 
its use is widely prohibited by law. 
However, study after study has failed 
to show any toxic effects on human 
beings of the fumes, dust, sawdust, or 
leachate of CCA lumber. 
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e Alkaline copper quaternary 
(ACQ), which contains no chromium 
or arsenic, is now the most commonly 
used wood preservative. It is listed by 
the U.S. Environmental Protection 
Agency as suitable for general use. 
Other preservatives that also have a 
general-use listing are borates and 
copper dimethyldithiocarbamate 
(CDDC). 


e Preservative-treated wood scraps 
and sawdust must never be buried 
except in approved landfills. They 
cannot be burned because burning 
releases their chemicals into the at- 
mosphere, where their toxicity has 
not been adequately tested. 
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2002. 

This is the standard reference on every 
phase of design, manufacturing, and in- 
stallation of wood light trusses. 


Key TERMs AND CONCEPTS 


bark 

cambium 

sapwood 

heartwood 

pith 

cellulose 

lignin 

direction of grain 
springwood (earlywood) 
summerwood (latewood) 
softwood 

hardwood 

tracheids 

rays 

fibers 

vessels or pores 

lumber 

head saw 

sawyer 

plainsawn 

quartersawn 

vertical grain 

figure 

free water 

bound water 

seasoning 

air drying 

kiln drying 

green lumber 
longitudinal, radial, tangential shrinkage 
parallel-to-grain shrinkage 
perpendicular-to-grain shrinkage 
surfacing 

S48, S2S 

S-DRY 


REVIEW QUESTIONS 


1. Discuss the changes in moisture con- 
tent of wood and their effects on a piece 
of dimension lumber from the time the 
tree is cut, through its processing, until it 
has been in service in a building for an 
entire year. 


EXERCISES 


1. Visit a nearby lumberyard. Examine 
and list the species, grades, and sizes of 
lumber carried in stock. For what uses 
are each of these intended? While at the 
yard, also look at the available range of 
fasteners. 


2. Pick up a number of scraps of dimen- 
sion lumber from a shop or construction 
site. Examine each to see where it was lo- 
cated in the log before sawing. Note any 


S-GRN 

growth characteristics 
manufacturing characteristics 
knot, knothole 

decay 

insect damage 

split 

check 

crooking 

bowing 

twisting 

cupping 

wane 

visual grading 

machine grading 

allowable strengths 

nominal dimension 

actual dimension 

boards 

dimension lumber 

timbers 

board foot 

laminated wood (glulam) 
finger joint, scarf joint 
structural composite lumber 
laminated veneer lumber (LVL) 
parallel strand lumber (PSL) 
Ljoist 

structural wood panel 
plywood panel 

veneer 

crossband 

composite panel 
nonveneered panel 
oriented strand board (OSB) 


2. Give the actual cross-sectional dimen- 
sions of the following pieces of kiln-dried 
lumber: 1 x 4,2 x 4,2x6,2x8,4x4,4x 12. 


3. Why is wood laminated? 

4. What is meant by a span rating of 
32/16? What types of wood products are 
rated in this way? 


drying distortions in each piece: How well 
do these correspond to the distortions 
you would have predicted? Measure ac- 
curately the width and thickness of each 
scrap and compare your measurements to 
the specified actual dimensions for each. 


3. Assemble samples of as many different 
species of wood as you can find. Learn 
how to tell the different species apart by 
color, odor, grain figure, ray structure, 
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waferboard 
particleboard 

rotary sliced 

touch sanded 

flitch sliced 

span rating 

exposure durability classification 
hardboard 

cane fiberboard 
pressure impregnation 
creosote 
pentachlorophenol 
waterborne salts 
wood-polymer composite 
nail 

common nail 

finish nail 

penny 

bright nail 

hot-dip galvanized nail 
electrogalvanized nail 
screw 

lag screw 

drywall screw 

deck screw 

bolt 

washer 

toothed plate 

joist hanger 

nail gun 

staple gun 

adhesive 

truss 


5. For what reasons might you specify pre- 
servative-treated wood? 


6. Which common species of wood have 
decay- and insect-resistant heartwood? 


7. Why are nails the fasteners of choice in 
wood construction? 


relative hardness, and so on. What are the 
most common uses for each species? 


4. Visit a construction site and list the vari- 
ous types of lumber and wood products 
being used. Look for a gradestamp on 
each and determine why the given grade 
was selected for each use. If possible, look 
at the architect’s written specifications for 
the project and see how the lumber and 
wood products were specified. 
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wing and fly across space. 


HISTORY 


Masonry began spontaneously in the 
creation of low walls from stones or 
pieces of caked mud taken from dried 
puddles. Mortar was originally the 
mud smeared into the joints of the ris- 
ing wall to impart stability and weath- 
ertightness. Where stone lay read- 
ily at hand, it was preferred to bricks; 
where stone was unavailable, bricks 
were made from local clays and silts. 
Changes came with the passing mil- 
lennia: People learned to quarry, cut, 
and dress stone with increasing pre- 
cision. Fires built against mud brick 
walls brought knowledge of the advan- 
tages of burned brick, leading to the 
invention of the kiln. Masons learned 
the simple art of turning limestone 
into lime, and lime mortar gradually 
replaced mud in the joints of masonry. 

By 4000 BC, the peoples of Meso- 
potamia were building palaces and 
temples of stone and sun-dried brick. 
In the third millennium, the Egyptians 


put up projects as large as the human mind can conceive. 


erected the first of their stone temples 
and pyramids. In the last centuries 
prior to the birth of Christ, the Greeks 
perfected their temples of limestone 
and marble (Figure 5.1), and control 
of the Western world passed to the 
Romans, who made the first large- 
scale use of masonry arches and roof 
vaults in their basilicas, baths, palaces, 
and aqueducts. Medieval civilizations 
in both Europe and the Islamic world 
brought masonry vaulting to a very 
high plane of development. The Is- 
lamic craftsmen built magnificent pal- 
aces, markets, and mosques of brick 
and often faced them with brightly 
glazed clay tiles. The Europeans di- 
rected their efforts toward fortresses 
and cathedrals of stone, culminating 
in the pointed vaults and flying but- 
tresses of the great Gothic churches 
(Figures 5.2 and 5.3). In Central 
America, South America, and Asia, 
other civilizations were undergoing 
a simultaneous evolution of building 
techniques in cut stone. 


Masonry is the simplest of building techniques: The mason stacks pieces of material (bricks, stones, 
concrete blocks, called collectively masonry units) atop one another to make walls. It is also the richest 
and most varied, however, with its endless selection of colors and textures. In addition, because the 

pieces of which it is made are small, masonry can take any shape, from a planar wall to a sinuous sur- 
face that defies the distinction of roof from wall. 

Masonry is the material of earth, taken from the earth and comfortably at home in foundations, 

pavings, and walls that grow directly from the earth. With modern techniques of reinforcing, however, 
masonry can rise many stories from the earth, and in the form of arches and vaults, masonry can take 


The most ancient of our building techniques, masonry remains labor intensive, requiring the patient 
skills of experienced and meticulous artisans to achieve a satisfactory result. It has kept pace with the 
times, however, and remains highly competitive technically and economically with other systems of 
structure and enclosure, the more so because one mason can produce in one operation a completely 
finished loadbearing wall, ready for use. 

Masonry is durable. The designer can select masonry materials that are scarcely affected by water, 
air, or fire, ones with brilliant colors that will not fade, ones that will stand up to heavy wear and abuse, 
and make from them a building that will last for generations. 

Masonry is a material of the small entrepreneur. One can set out to build a building of bricks with no 
more tools than a trowel, a shovel, a hammer, a measuring rule, a level, a square of scrap plywood, and 
a piece of string. Yet many masons can work together, aided by mechanized handling of materials, to 


During the Industrial Revolution 
in Europe and North America, ma- 
chines were developed that quarried 
and worked stone, molded _ bricks, 
and sped the transportation of these 
heavy materials to the building site. 
Sophisticated mathematics were ap- 
plied for the first time to the analysis 
of the structure of masonry arches 
and to the art of stonecutting. Port- 
land cement mortar came into wide- 
spread use, enabling the construc- 
tion of masonry buildings of greater 
strength and durability. 

In the late 19th century, masonry 
began to lose its primacy among the 
materials of construction. The very 
tall buildings of the central cities re- 
quired frames of iron or steel to re- 
place the thick masonry bearing walls 
that had limited the heights to which 
one could build. Reinforced con- 
crete, poured rapidly and economi- 
cally into simple forms made of wood, 
began to replace brick and stone ma- 
sonry in foundations and walls. The 


FIGURE 5.1 

The Parthenon, constructed of marble, has stood on 
the Acropolis in Athens for more than 24 centuries. 
(Photo by James Austin, Cambridge, England) 


FIGURE 5.2 

Construction in ashlar limestone of the magnificent 
Gothic cathedral at Chartres, France, was begun in 
AD 1194 and was not finished until several centuries 
later. Seen here are the flying buttresses that resist 
the lateral thrusts of the stone roof vaulting. 

(Photo by James Austin, Cambridge, England) 
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heavy masonry vault was supplanted 
by lighter floor and roof structures of 
steel and concrete. 

The 19th-century invention of 
the hollow concrete block helped to 
avert the extinction of masonry as a 
craft. The concrete block was much 
cheaper than cut stone and required 
much less labor to lay than brick. It 
could be combined with brick or 
stone facings to make lower-cost 
walls that were still satisfactory in ap- 
pearance. The brick cavity wall, an 
early-19th-century British invention, 
also contributed to the survival of 
masonry, for it produced a warmer, 
more watertight wall that was later 
to adapt easily to the introduction of 
thermal insulation when appropriate 
insulating materials became available 
in the middle of the 20th century. 
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FIGURE 5.3 

The Gothic cathedrals were roofed with lofty vaults 
of stone blocks. The ambulatory roof at Bourges 
(built 1195-1275) evidences the skill of the medieval 
French masons in constructing vaulting to cover 
even a curving floor plan. (Photo by James Austin, 
Cambridge, England) 


FIGURE 5.4 

Despite the steady mechanization of con- 
struction operations in general, masonry 
construction in brick, concrete block, 
and stone is still based on simple tools 
and the highly skilled hands that use 
them. (Courtesy of International Masonry 
Institute) 


Other 20th-century contributions 
to masonry construction include the 
development of techniques for steel- 
reinforced masonry, high-strength 
mortars, masonry units (both bricks 
and concrete blocks) that are higher 
in structural strength, and masonry 
units of many types that reduce the 
amount of labor required for mason- 
ry construction. 

If this book had been written as 
recently as 125 years ago, itwould have 
had to devote little space to materials 
of construction other than masonry 
and wood. Because other materials 
of construction were so late in de- 
veloping, most of the great works of 
architecture in the world, and many 
of the best-developed vernacular ar- 
chitectures, are built of masonry. We 
live amid a rich heritage of masonry 
buildings. There is scarcely a town in 
the world that is without a number of 
beautiful examples from which the 
serious student of masonry architec- 
ture can learn. 


MORTAR 


Mortar is as much a part of masonry 
as the masonry units themselves. 
Mortar serves to cushion the masonry 
units, giving them full bearing against 
one another despite their surface ir- 
regularities. Mortar seals between the 
units to keep water and wind from 


penetrating; it adheres the units to 
one another to bond them into a 
monolithic structural unit; and, in- 
evitably, it is important to the appear- 
ance of the finished masonry wall. 

The most characteristic type of 
mortar is made of portland cement, hy- 
drated lime, an inert aggregate (sand), 
and water. The sand must be clean and 
must be screened to eliminate parti- 
cles that are too coarse or too fine. The 
portland cement is the bonding agent 
in the mortar, but a mortar made only 
with portland cement is “harsh” and 
does not flow well on the érowel or un- 
der the brick, so lime is added to im- 
part smoothness and workability. Lime 
is produced by burning limestone or 
seashells (calcium carbonate) in a kiln 
to drive off carbon dioxide and leave 
quicklime (calcium oxide). The quick- 
lime is then slaked by allowing it to 
absorb as much water as it will hold, 
resulting in the formation of calctum 
hydroxide, called slaked lime or hydrated 
lime. The slaking process, which releas- 
es large quantities of heat, is usually 
carried out in the factory. The hydrat- 
ed lime is subsequently dried, ground, 
and bagged for shipment. Until the 
late 19th and early 20th centuries, 
mortar was made without portland ce- 
ment, and the lime itself was the bond- 
ing agent; it hardened by absorbing 
carbon dioxide from the air to become 
calcium carbonate, a very slow and un- 
even process. 
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Prepackaged masonry cements are 
also widely used for making mortar. 
Most are proprietary formulations 
that contain admixtures intended to 
contribute to the workability of the 
mortar. The formulations vary from 
one manufacturer to another. Two 
colors of masonry cement are com- 
monly available: light, which cures 
to about the same light gray color 
as ordinary concrete blocks, and 
dark, which cures to dark gray. Other 
colors are easily produced by the 
mason, either by adding pigments to 
the mortar at the time of mixing or 
by purchasing dry mortar mix that 
has been custom colored at the fac- 
tory. Mortar mix can be obtained 
in shades ranging from pure white 
to pure black, including all the col- 
ors of the spectrum. Because mortar 
makes up a considerable fraction of 
the exposed surface area of a brick 
wall, typically about 20 percent, the 
color of the mortar is extremely im- 
portant in the appearance of a brick 
wall and is almost as important in the 
appearance of stone or concrete ma- 
sonry walls. 

Four basic mortar types are de- 
fined, as summarized in Figure 5.5. 
Type N mortar is used for most pur- 
poses. Types M and S are suitable for 
higher-strength structural walls and 
for severe weather exposures. Type O, 
the most economical, is used only in 
nonloadbearing interior work. 


Minimum Average 
Compressive Strength 
Mortar Type Description Construction Suitability at 28 Days 
M High-strength mortar Masonry subjected to high lateral or 2500 psi 
compressive loads or severe frost action; (17.25 MPa) 
masonry below grade 
S Medium-high-strength Masonry requiring high flexural bond 1800 psi 
mortar strength but subjected only to normal (12.40 MPa) 
compressive loads 
N Medium-strength mortar General use above grade 750 psi 
(5.17 MPa) 
O Medium-low-strength mortar Nonloadbearing interior walls and 30 psi 
partitions (2.40 MPa) 
FIGURE 5.5 


Mortar types as defined by ASTM C270. 
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Portland cement mortar cures by 
hydration, not by drying: A complex 
set of chemical reactions takes up wa- 
ter and combines it with the constitu- 
ents of the cement and lime to create 
a dense, strong crystalline structure 
that binds the sand particles together. 
Mortar that has been mixed but not 
yet used can become too stiff for use, 
either by drying out or by commenc- 
ing its hydration. If the mortar was 
mixed less than 90 minutes prior to 
its stiffening, it has merely dried and 
can safely be retempered with water 
to make it workable again. If the un- 
used mortar is more than 2% hours 
old, it must be discarded because it 
has already begun to hydrate and 
cannot be retempered without reduc- 
ing its final strength. 


CONCRETE MASONRY 


Developed very late in the history 
of masonry, concrete masonry units 
(CMUs) are now the workhorses of 
masonry construction. In residential 
construction, they serve primarily 
in foundations, retaining walls, and 
fireplaces. CMUs are manufactured 
in three basic forms: bricks, larger 
hollow units that are commonly re- 
ferred to as concrete blocks, and, less 
commonly, larger solid units. Consid- 
ered crude and industrial-looking by 
most people, residential concrete ma- 
sonry is often covered with a veneer 
of brick, stone, stucco, or plaster, but 
splitface and other decorative units 
are available to make exposed con- 
crete masonry more appealing to the 
eye (Figure 5.6). 


Manufacture of Concrete 
Masonry Units 


CMUs are manufactured by vibrating 
a stiff concrete mixture into metal 
molds, then immediately turning out 
the wet blocks or bricks onto a rack 
so that the mold can be reused, at the 
rate of a thousand or more units per 
hour. The racks of CMUs are cured 


FIGURE 5.6 

A combination of split- 
face and regular CMUs 
is used in the walls and 
chimney of this resi- 
dence. The masonry in 
the walls makes a visual 
reference to the chim- 
ney while adding color 
and texture to the walls. 
(Photo by Rob Thallon) 


FIGURE 5.7 
A forklift truck loads newly molded CMUs into an autoclave for steam curing. 


(Courtesy of Portland Cement Association, Skokie, Illinois) 


FIGURE 5.8 

American standard concrete blocks and 
half blocks. Each full block is nominally 
8 inches (200 mm) high and 16 inches 
(400 mm) long. 


at an accelerated rate by subjecting 
them to steam, either at atmospheric 
pressure or, for faster curing, at high- 
er pressure (Figure 5.7). After steam 
curing, the units are dried to a speci- 
fied moisture content and bundled 
on wooden pallets for shipping to the 
construction site. 

CMUs are made in a variety of 
sizes and shapes (Figures 5.8 and 5.9) 
and in different densities of concrete, 
some of which use cinders, pumice, 


A 


Channel bond beam 


Knock-out block 


e 


Both ends plain 


FIGURE 5.9 
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or expanded lightweight aggregates 
rather than crushed stone or gravel. 
Many colors and surface textures 
are available as standard items from 
masonry supply dealers, and special 
colors are relatively easy to produce 
by specifying a coloring agent and/or 
aggregate to be used in manufactur- 
ing the units. When ordering special- 
ty units, however, adequate lead time 
must be allowed for manufacturing 
and curing. 


= 


One end plain 


Cap or paving unit 


~ 


Ee 


Concrete brick 


Other concrete masonry shapes. Bond beam units have 


space for horizontal reinforcing bars and grout and are 
used to tie a wall together horizontally. They are also 
used for reinforced block lintels. Blocks with plain ends 
are used at outside corners where both the face and the 
end of the block will be exposed. Concrete bricks are 
interchangeable with modular clay bricks. 
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FIGURE 5.10 

Concrete blocks and bricks can 
be cut very accurately with a 
water-cooled, diamond-bladed 
saw. For rougher sorts of cuts, 
a few skillful blows from the 
mason’s hammer will suffice. 
(Courtesy of Portland Cement 
Association, Skokie, Illinois) 


Hollow concrete block masonry is 
generally much more economical per 
unit of wall area or volume than brick 
or stone masonry. The blocks them- 
selves are cheaper on a volumetric 
basis and are made into a wall much 
more quickly because of their larger 
size (a single standard concrete block 
occupies the same volume as 12 modu- 
lar bricks). Concrete blocks can be pro- 
duced in various degrees of strength, 
and because their hollow cores allow 
for the easy insertion of reinforcing 
steel and grout, they are widely used 
in masonry bearing wall construction. 
Where surface qualities not available 
in concrete masonry are desired on 
a masonry wall, concrete blocks are 
often faced with brick or stone. Block 
walls also accept plaster, stucco, or tile 
work directly. Concrete masonry walls 
exposed to the weather, like any solid 
masonry walls, tend to leak in wind- 
driven rains. Except in dry climates, 


they should be painted on the outside 
with masonry paint or sealer. 
Although innumerable special siz- 
es, shapes, and patterns are available, 
American concrete blocks are stan- 
dardized around an 8-inch (203.2-mm) 


cubic module. The most common 
block is nominally 8 x 8 x 16 inches 
(203 x 203 x 406 mm). The actu- 
al size of the block is 7% x 7% x 15% 
inches (194 x 194 x 397 mm), which 
allows for a mortar joint % inch 
(9.5 mm) thick. This size block is de- 
signed to be lifted and laid conve- 
niently with two hands (as compared 
to a brick, which is designed to be laid 
with one). Its double-cube proportions 
work well for bonding in straight walls, 
for corners, and for openings when 
combined with a single-cube half 
block. While concrete masonry units 
can be cut with a diamond-bladed 
power saw (Figure 5.10), itis more eco- 
nomical and produces better results if 


the designer lays out buildings of con- 
crete masonry in dimensional units 
that correspond to the module of the 
block (Figures 5.11 and 5.12). Nomi- 
nal 4, 6-, and 12-inch block thickness- 
es (102, 156, and 308 mm) are also 
common, as is a solid concrete brick 
that is identical in size and propor- 
tion to a modular clay brick. A handy 
feature of the standard 8-inch block 
height is that it corresponds exactly to 
three courses of ordinary clay or con- 
crete brickwork, making it easy to in- 
terweave blockwork and brickwork in 
composite walls. 


Laying Concrete Blocks 


Concrete block walls are laid in a 
step-by-step sequence, starting with 
the construction of the corners, 
which are called leads (pronounced 
“leeds”). The leads establish the 
planes of the walls and the heights 
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3 blocks + 3 joints 


FIGURE 5.11 
Concrete masonry buildings should be dimensioned to use uncut blocks except for special circumstances. 


FIGURE 5.12 

A small house by archi- 
tects Clark and Menefee 
is cleanly detailed in ordi- 
nary CMUs. All walls and 
openings are organized 
on an 8-inch module. 


A reinforced masonry 
retaining wall helps to 
tie the building visually 
to the site. (Photo by Jim 
Rounsevell) 
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of the courses. The laying of leads is 
relatively labor intensive. A mason’s 
rule or a story pole marked with the 
course heights is used to establish 
accurate course heights in the leads. 


FIGURE 5.13 
Laying a concrete masonry wall: (a) A bed of mortar is spread on the footing. (b) The first course of blocks for a lead is laid in the 
mortar. Mortar for the head joint is applied to the end of each block with the trowel before the block is laid. (c) The lead is built 
higher. Mortar is normally applied only to the face shells of the block, not to the webs. (d) As each new course is started on the lead, 


The work is checked frequently with 
a spirit level to ensure that surfaces 
are flat and plumb and courses are 
level. When the leads have been 
completed, a mason’s line (a heavy 


string) is stretched between the 
leads, using an L-shaped line block 
at either end to locate the end of 
the line precisely at the top of each 
course of block. 


its height is meticulously checked with either a folding rule or, as shown here, a story pole marked with the height of each course. 


The laying of the infill blocks be- 
tween the leads is much faster and 
easier because the mason needs only 
to lay each block to the line to cre- 
ate a perfect wall. It follows that leads 
are expensive compared to the wall 


surfaces between them, so that where 
economy is important, the designer 
should seek to minimize the number 
of corners in a masonry structure. 
The accompanying photographic se- 
quence (Figure 5.13) illustrates the 
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technique for laying concrete block 
walls. 

Concrete masonry is often rein- 
forced with steel to increase its load- 
bearing capacity and its resistance to 
cracking. Horizontal reinforcing is 


(e, f) Each new course is also checked with a spirit level to ensure that it is level and plumb. Time expended in making sure that the 


leads are accurate is amply repaid in the accuracy of the wall and the speed with which blocks can be laid between the leads. (g) The 
joints of the lead are tooled to a concave profile. (h) A soft brush removes mortar crumbs after tooling. 
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(k) 


FIGURE 5.13 (continued ) 


(i) A mason’s line is held taut between the leads on line blocks. (j) The courses of blocks between the leads are laid rapidly and are 
aligned only with the line; no story pole or spirit level is necessary. The mason has laid bed joint mortar and “buttered” the head 
joints for a number of blocks. (k) Each course of infill blocks is completed with a closer, which must be inserted between blocks 
that have already been laid. The head joints of the already laid blocks are buttered. (J) Both ends of the closer blocks are also 
buttered with mortar, and the block is lowered carefully into position. Some touching up of the head joint mortar is often neces- 
sary. (All photos courtesy of Portland Cement Association, Skokie, Illinois) 


usually inserted in the form of welded 
grids of small-diameter steel rods that 
are laid into the bed joints of mor- 
tar at the desired vertical intervals 
(Figure 5.14). In seismic zones where 
stronger horizontal reinforcing is re- 


FIGURE 5.14 
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Concrete masonry walls subjected to only moderate stresses 


can be reinforced horizontally with steel joint reinforcing, 


which is thin enough to fit into an ordinary bed joint of 


mortar. Vertical reinforcing is done with ordinary reinforcing 


bars grouted into the cores of the blocks. Horizontal joint 


reinforcing is available in both a truss pattern, as illustrated, 


FIGURE 5.15 


grouted solid. 


quired, bond beam blocks allow rein- 
forcing bars to be placed in the hori- 
zontal direction (Figure 5.15). Vertical 
reinforcing bars are placed into the 
vertically aligned cores after the wall 
has been completed. The cores are 


and a ladder pattern. Both are equally satisfactory. 


Concrete masonry foundation walls subjected to high 
stresses are reinforced with both vertical and horizontal 
rebars. Vertical reinforcing is done with ordinary reinforcing 
bars grouted into the cores of the blocks and aligned 

with dowels projecting up from the footing. Horizontal 
reinforcing is done with reinforcing bars grouted into the 
cores of bond beam blocks. For extreme stresses, the entire 
wall, together with its vertical and horizontal rebars, can be 


then filled with grout to unify steel 
and masonry into one continuous 
structural unit (Figure 5.16). In zones 
with severe seismic activity, all cells are 
usually grouted whether they contain 
bars or not, but it is also possible to 
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FIGURE 5.16 


Grout is deposited in the cores of a reinforced concrete masonry wall using a 
grout pump and hose. (Courtesy of Portland Cement Association, Skokie, Illinois) 


FIGURE 5.17 

Lintels for openings in concrete 

masonry walls. At the top, a reinforced 
block lintel composed of bond beam 
units. At the bottom, a precast reinforced 
concrete lintel. 


Some decorative CMUs, representative of literally hundreds of 
designs currently in production. The scored-face unit, if the slot 
in the face is filled with mortar and tooled, produces a wall that 
looks as if it were made entirely of half blocks. The ribbed split- 


FIGURE 5.18 

A bond beam lintel over a window open- 
ing in a concrete block wall. The opening 
could have been made more efficiently if 
the sides of the opening had corresponded 
with a block module. (Photo by Rob Thallon) 


FIGURE 5.19 


face unit is produced by casting “Siamese twin” blocks joined at 


the ribs, then shearing them apart. 


Scored-face unit 


fill only the cores that contain bars by 
holding the grout in the bond beams 
with a strip of metal mesh that bridges 
across the core openings beneath the 
bond beams. Lintels over openings 
in concrete block walls may be made 
of reinforced concrete or bond beam 
blocks with grouted horizontal rein- 
forcing (Figures 5.17 and 5.18). 

In recent years, surface bonding of 
concrete masonry walls has found ap- 
plication in buildings where the cost 
or availability of skilled labor is a prob- 
lem. The blocks are laid without mor- 
tar, course upon course, to make a wall. 
Then a thin layer of a special cementi- 
tious compound containing short fi- 
bers of alkali-resistant glass is plastered 
on both sides of the wall. This surface 
bonding compound, after it has cured, 
joins the blocks securely to one anoth- 
er both in tension and in compression. 
It serves also as a surface finish whose 
appearance resembles stucco. 


Decorative Concrete 
Masonry Units 


CMUs are easily and economically 
manufactured in an unending vari- 
ety of surface patterns, textures, and 
colors intended for exposed use in 
exterior and interior walls. A few such 
units are diagrammed in Figure 5.19, 
and some of the resulting surface tex- 
tures are depicted in Figures 5.20 and 
5.21. Mold costs for producing special 
units are low when spread across the 
number of units required for medium- 
sized to large housing developments, 
and many of the textured CMUs that 
are now considered standard originat- 
ed as special designs created by archi- 
tects for particular buildings. 


Ribbed-face unit Ribbed-face unit 
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FIGURE 5.20 

Some walls of decorative concrete 
masonry: (a) Split block. (b) Slump 
block, which is molded from relatively 
wet concrete and allowed to sag slightly 
after molding and before curing. (c) Split 
blocks of varying sizes laid in a random 
ashlar pattern. (d) Ribbed split-face 
blocks. (e) Striated blocks. (Courtesy of 
National Concrete Masonry Association) 


- i 


HomeWrap 


FIGURE 5.21 

Split-face blocks have been mingled with 
standard blocks in this foundation wall 
in order to complement a nearby rubble 
wall. (Photo by Greg Thomson) 
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BRICK MASONRY 


Among the masonry materials, brick is 
special in two respects: fire resistance 
and size. As a product of fire, it is the 
most resistant to building fires of any 
masonry unit. Its size may account for 
much of the love that many people in- 
stinctively feel for brick: A traditional 
brick is shaped and dimensioned to fit 
the human hand. Hand-sized bricks 
are less likely to crack during drying 
or firing than larger bricks, and they 
are easy for the mason to manipulate. 
This small unit size makes brickwork 
very flexible in adapting to small-scale 
geometries and patterns and gives a 
pleasing scale and texture to a brick 
wall or floor. 

One of the oldest masonry mate- 
rials, brick has been used historically 
to make structural walls and vaults of 
immense proportions, and has been 
manipulated to make rich patterns 
and elaborate openings. Although still 
appreciated as a durable and beautiful 
building material, brick in modern res- 
idential construction is used primarily 
as a veneer for walls, floors, and fire- 
places. This demotion in the status of 
brick has occurred primarily because 
a structural masonry wall can now be 
constructed much more efficiently 
with CMUs. The importance of ther- 
mal insulation has also contributed 
to the downfall of brick as a structural 
material because traditional structural 
brick walls are very difficult to insulate. 


Molding of Bricks 


Because of their weight and bulk, 
which make them expensive to ship 
over long distances, bricks are pro- 
duced by a large number of relatively 
small, widely dispersed factories from 
a variety of local clays and shales. The 
raw material is dug from pits, crushed, 
ground, and screened to reduce it to 
a fine consistency. It is then tempered 
with water to produce a plastic clay 
ready for forming into bricks. 

There are three major methods 
used today for forming bricks: the soft 


FIGURE 5.22 
A simple wooden mold produces seven water-struck bricks at a time. (Photo by Edward 
Allen) 


mud process, the dry mud process, 
and the stiff mud process. The oldest 
is the soft mud process, in which a rela- 
tively moist clay (20 to 30 percent wa- 
ter) is pressed into simple rectangular 
molds, either by hand or with the aid 
of molding machines (Figure 5.22). 
To keep the sticky clay from adher- 
ing to the molds, the molds may be 
dipped in water immediately before 
being filled, producing bricks with a 
relatively smooth, dense surface that 
are known as water-struck bricks. If the 
wet mold is dusted with sand just be- 
fore forming the brick, sand-struck or 
sand-molded bricks are produced, with 
a matte-textured surface. 

The dry press process is used for 
clays that shrink excessively during 
drying. Clay mixed with a minimum 
of water (up to 10 percent) is pressed 
into steel molds by a machine work- 
ing at a very high pressure. 

The high-production stiff mud 
process is the one most widely used 
today. Clay containing 12 to 15 per- 
cent water is passed through a vac- 
uum to remove any pockets of air, 
then extruded through a rectangular 
die (Figures 5.23 and 5.24). As the 
clay leaves the die, textures or thin 


mixtures of colored clays may be ap- 
plied to its surface as desired. The 
rectangular column of moist clay is 
pushed by the pressure of extrusion 
across a cutting table, where automat- 
ic cutter wires slice it into bricks. 
After molding by any of these 
three processes, the bricks are dried 
for 1 to 2 days in a low-temperature 
dryer kiln. They are then ready for 
transformation into their final form by 
a process known as firing or burning. 


Firing of Bricks 


Before the advent of modern kilns, 
bricks were most often fired by stack- 
ing them in a loose array called a 
clamp, covering the clamp with earth 
or clay, building a wood fire under the 
clamp, and maintaining the fire for 
several days. After cooling, the clamp 
was disassembled and the _ bricks 
were sorted according to the degree 
of burning each had experienced. 
Bricks adjacent to the fire (clinker 
bricks) were often overburned and 
distorted, making them unattractive 
and therefore unsuitable for use in 
exposed brickwork. Bricks in a zone 


of the clamp near the fire were fully 
burned but undistorted, suitable for 
exterior facing bricks with a high de- 
gree of resistance to weather. Bricks 
farther from the fire were softer and 
were set aside for use as backup bricks, 
while some bricks from around the 
perimeter of the clamp were not 
burned sufficiently for any purpose 
and were discarded. In the days be- 
fore mechanized _ transportation, 
bricks for a building often were pro- 
duced from clay obtained from the 
building site and were burned in 
clamps adjacent to the work. 

Today, bricks are usually burned 
either in a periodic kiln or in a continu- 
ous tunnel kiln. The periodic kiln is 
a fixed structure that is loaded with 
bricks, fired, cooled, and unloaded 
(Figure 5.25). Bricks are passed con- 
tinuously through a long tunnel kiln 
on special railcars to emerge at the 
far end fully burned. In either type of 
kiln, the first stages of burning are wa- 
ter smoking and dehydration, which drive 
off the remaining water from the clay. 
The next stages are oxidation and vit- 
vification, during which the tempera- 
ture rises to 1800 to 2400°F (1000 to 
1300°C) and the clay is transformed 
into a ceramic material. This may be 
followed by a stage called flashing, in 
which the fire is regulated to create a 
reducing atmosphere in the kiln that 
develops color variations in the bricks. 
Finally, the bricks are cooled under 
controlled conditions to achieve 
the desired color and avoid thermal 
cracking. The cooled bricks are in- 
spected, sorted, and packaged for 
shipment. The entire process of fir- 
ing, monitored continuously to main- 
tain product quality, takes 40 to 150 
hours. Considerable shrinkage takes 
place in the bricks during drying and 
firing; this must be taken into account 
when designing the molds for the 
brick. The higher the temperature 
is, the greater the shrinkage and the 
darker the brick. Bricks are often used 
in a mixed range of colors, with the 
darker bricks inevitably being smaller 
than the lighter bricks. Even in bricks 
of uniform color, some size variation 
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FIGURE 5.23 
A column of clay emerges from the die in the stiff mud process of molding bricks. 
(Courtesy of Brick Industry Association) 


FIGURE 5.24 
Rotating groups of parallel wires cut the column of clay into individual bricks ready 
for drying and firing. (Courtesy of Brick Industry Association) 
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FIGURE 5.25 

Three stages in the firing of water-struck 
bricks in a small factory: (a) Bricks are 
stacked on a kiln car ready for firing. 
The open passages between the bricks 
allow the hot kiln gases to penetrate to 
the interior of the stack. The bed of the 
kiln car is made of a refractory material 
that is unaffected by the heat of the 
kiln. The rails on which the car runs are 
recessed in the floor. (b) The cars of 
bricks are rolled into the far end of this 
gas-fired periodic tunnel kiln. When a 
firing has been completed, the large door 
in the near end of the kiln is opened and 
the cars of bricks are rolled out on the 
rails that can be seen at the lower right 
of the picture. (c) After the fired bricks 
have been sorted, they are strapped into 
these “cubes” for shipping. (Photos by 
Edward Allen) 


is to be expected, and bricks in gen- 
eral are subject to a certain amount of 
distortion from the firing process. 
The color of a brick depends 
on the chemical composition of the 
clay or shale and the temperature 


and chemistry of the fire in the kiln. 
Higher temperatures, as noted in the 
previous paragraph, produce darker 
bricks. The iron that is prevalent in 
most clays turns red in an oxidizing 
fire and purple in a reducing fire. 


Other chemical elements interact in 


a similar way to the kiln atmosphere 
to make still other colors. For bright 
colors, the faces of the bricks can be 
glazed like pottery, during the nor- 
mal firing or in an additional firing. 


Standard Brick Sizes 
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Unit Name Width Length Height 
Modular 3%” or 3%” (90 mm) 7h” or TK" (190 mm) 2y,” (57 mm) 
Standard 3%” or 3%” (90 mm) 8” (200 mm) 2%.” (57 mm) 


Engineer Modular 
Engineer Standard 
Closure Modular 
Closure Standard 
Roman 

Norman 

Engineer Norman 
Utility 

King Size 


Queen Size 


FIGURE 5.26 


3%” or 3%” (90 mm) 
3%” or 3%” (90 mm) 
3%” or 3%” (90 mm) 
3%” or 3%” (90 mm) 
3%” or 3%” (90 mm) 
3%” or 3%” (90 mm) 
3%” or 3%” (90 mm) 
3%” or 3%” (90 mm) 
3” (75 mm) 

3” (75 mm) 


7%" or TK” (190 mm) 
8” (200 mm) 

7%" or TK” (190 mm) 
8” (200 mm) 

11%” or 11%” (290 mm) 
11%” or 11%” (290 mm) 
11%” or 11%” (290 mm) 
114’or 11%” (290 mm) 
9%” (240 mm) 

7h” or 8” (190 mm) 


2%” to 2'%6" (70 mm) 
2%,” (70 mm) 

3%” or 3%” (90 mm) 
3%” (90 mm) 

1%” (40 mm) 

2¥%.” (57 mm) 

2%” to 2'%e" (70 mm) 
3%” or 3%” (90 mm) 
2%” or 2%” (70 mm) 
2%,” (70 mm) 


Dimensions of bricks commonly used in North America, as established by the Brick Industry Association. This list gives an idea 
of the diversity of sizes and shapes available and of the difficulty of generalizing about brick dimensions. Modular bricks are 
dimensioned so that three courses plus mortar joints add up to a vertical dimension of 8 inches (203 mm), and one brick length 


plus mortar joint has a horizontal dimension of 8 inches (203 mm). The alternative dimensions of each brick are calculated for 
%-inch (9.5-mm) and -inch (12.7-mm) mortar joint thicknesses. 


Brick Sizes 


There is no truly standard brick. The 
nearest thing in the United States is 
the modular brick, dimensioned to 
construct walls in modules of 4 inches 
horizontally and 8 inches vertically, 


but the modular brick has not found 
ready acceptance in some parts of the 
country, and traditional sizes persist 
on a regional basis. Figure 5.26 shows 
the brick sizes that represent about 
90 percent of all the bricks used in the 
United States. For most bricks in the 


normal range of sizes, three courses 
of bricks plus the accompanying three 
mortar joints add up to a height of 
8 inches (203 mm). Length dimen- 
sions must be calculated specifically 
for the brick selected and must include 
the thicknesses of the mortar joints. 
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Bricks may be solid, cored, hollow, 
or frogged (Figure 5.27). By reduc- 
ing the volume and thickness of the 
clay, cores and frogs permit more 
even drying and firing of bricks, re- 
duce fuel costs for firing, reduce 
shipping costs, and create bricks that 
are lighter and easier to handle. Hol- 
low bricks, which may contain up to 
60 percent voids, are used primarily 
to enable the insertion and grouting 
of steel reinforcing bars in brickwork. 


FIGURE 5.27 
From left to right: cored, 
hollow, and frogged bricks. 


FIGURE 5.28 
Grades and types of bricks, as defined by 
ASTM C62, C216, and C652. 


FIGURE 5.29 

Weathering regions of the United States, 
as determined by winter rainfall and 
freezing cycles. Grade SW brick is recom- 
mended for exterior use in the severe 
weathering region. (Courtesy of Brick 
Industry Association) 


Choosing Bricks 


We have already considered three 
important qualities that the designer 
must consider in choosing the bricks 
for a particular building: molding 
process, color, and size. There are 
also three grades of brick based on re- 
sistance to weathering and three types 
of facing bricks (bricks that will be 
exposed to view) based on the degree 
of uniformity in shape, dimension, 


Grades for Building and Facing Bricks 


texture, and color from one brick 
to the next (Figure 5.28). The uses 
of the three grades are related to a 
map of weathering indices prepared 
from National Weather Service data 
on winter rainfall and freezing cycles 
(Figure 5.29). Grade SW is recom- 
mended for use in contact with the 
ground, or in situations where the 
brickwork is likely to be saturated 
with water, in any of the three regions 
of the map. Grade MW may be used 


Grade SW Severe weathering 

Grade MW Moderate weathering 

Grade NW Negligible weathering 

Types of Facing Bricks 

Type FBX High degree of mechanical perfection, narrow color 
range, minimum size variation per unit 

Type FBS Wide range of color and greater size variation per unit 

Type FBA Nonuniformity in size, color, and texture per unit 


Severe weathering 
EJ] Moderate weathering 
CJ Negligible weathering 


above ground in any of the regions, 
but SW will provide greater durability. 
Grade NW is intended for use in shel- 
tered or indoor locations. Bricks used 
for paving of walks, drives, and patios 
should be selected to minimize dete- 
rioration from freeze-thaw cycles. 

The compressive strength of 
brickwork is of obvious importance in 
structural walls and piers and depends 
on the strengths of both the brick and 
the mortar. Typical allowable compres- 
sive stresses for unreinforced brick 
walls range from 75 to 400 pounds per 
square inch (0.52 to 2.76 MPa). 

For brickwork exposed to very 
high temperatures, such as the lining 
of a fireplace or a furnace, /firebricks 
are used. These are made from special 
clays (fireclays) that produce bricks with 
refractory qualities. Firebricks are laid 
in very thin joints of fireclay mortar. 


Laying Bricks 


Figure 5.30 shows the basic vocabulary 
of bricklaying. Bricks are laid in the 
various positions for visual reasons, 
structural reasons, or both. The sim- 
plest brick wall is a single wythe of stretch- 
ers. For walls two or more wythes thick, 
headers are used to bond the wythes 
together into a structural unit. Rowlock 
courses are often used for caps on gar- 
den walls and for sloping sills under 
windows, although such caps and sills 
are not durable in severe climates. Ar 
chitects frequently employ soldier cours- 
es for visual emphasis in such locations 
as window lintels or tops of walls. 

The problem of bonding mul- 
tiple wythes of brick has been solved 
in many ways in different regions of 
the world, often resulting in surface 
patterns that are particularly pleasing 
to the eye. As a veneer on the exte- 
rior of buildings, however, the single 
wythe offers the designer little excuse 
to use anything but Running Bond 
(Figure 5.31). 

Inside a building, safely out of the 
weather and with no need for insula- 
tion, one may use solid brick walls in 
any desired bond. For fireplaces and 
other very small brick constructions, 
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A course Is a horizontal 
layer of bricks or other 
masonry units 


A wythe is a vertical 
layer of masonry units, 
one unit thick 


A stretcher is a brick 
laid with its face parallel 
to the wall and its long 
dimension horizontal 


A header is a brick laid 
so as to bond two 
wythes together 


A soldier is a brick laid 
on its end with its face 
parallel to the wall 


A rowlock is a brick laid 
on its face with its end 
visible in the wall face 


FIGURE 5.30 
Basic brickwork terminology. 


Collar joint 
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1. The construction of a 
brick wall begins with 
the laying of leads. The 


leads establish the wall 
planes and course 
heights. 


2. The bricks between 
the leads are laid toa 
line, a heavy string 

stretched taut between 


line blocks at each lead ey. 
ce 
es SF 
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FIGURE 5.31 SV A 


The procedure for building brick 
walls. This example is a single wythe of 
Running Bond. 


however, it is often difficult to cre- 
ate a long enough stretch of unbro- 
ken wall to justify the use of bonded 
brickwork. 

The process of bricklaying is 
summarized in Figures 5.31 and 5.32. 


While conceptually simple, bricklay- 
ing requires both extreme care and 
considerable experience to produce 
a satisfactory result, especially where 
a number of bricklayers working side 
by side must produce identical work. 


Yet speed is essential to the economy 
of masonry construction. The work 
of a skilled mason is impressive both 
for its speed and for its quality. This 
level of expertise takes time and hard 
work to acquire, which is why the 
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(¢) (d) 


FIGURE 5.32 

Laying a brick wall: (a) The first course of bricks for a lead is bedded in mortar, following a line marked on the foundation. 

(b-d) As each lead is built higher, the mason uses a spirit level to make sure that each course is level, straight, plumb, and in the 
same plane as the rest of the lead. A mason’s rule or a story pole is also used to check the heights of the courses. (e) A finished lead. 
(f) A mason lays bricks to a line stretched between two leads. (Courtesy of International Masonry Institute) 
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FIGURE 5.33 

Dimensions for brick buildings are best worked out in 
advance by the designer based on the actual dimen- 
sions of the bricks and mortar joints to be used in 

the building. Bricks and mortar joints are carefully 
counted and converted to numerical dimensions for 
each portion of the wall. 


9 bricks + 9 joints 


FIGURE 5.34 

(a) Tooling horizontal joints to a concave profile. (b) Tooling vertical 
joints to a concave profile. The excess mortar squeezed out of the 
joints by the tooling process will be swept off with a brush, leaving a 
finished wall. (c) Raking joints with a common nail held in a skate- 
wheel joint raker. The head of the nail digs out the mortar to a preset 
depth. (Courtesy of Brick Industry Association) 


SHEATHING 


METAL TIES 


BUILDING 
PAPER 


AIRSPACE 


FLASHING 


RIM JOIST 


WEEP 


HOLE GROUT 


BRICK VENEER/VENTED CRAWLSPACE 

OR UNFINISHED BASEMENT (UNHEATED) 
FIGURE 5.35 
A typical wall section through brick veneer on a wood-framed house. 
This is the most common application of brick masonry in residential 
construction. (Reprinted by permission from Ramsey/Sleeper, Architectural 
Graphic Standards, 10th ed., John Ray Hoke, Jr, A.LA., Editor, John Wiley 
& Sons, Hoboken, New Jersey, 2000. © 2000 by John Wiley & Sons) 


Weathered joint 


Concave joint 


Vee joint 


Flush joint 


Raked joint 


Stripped joint 


Struck joint 


FIGURE 5.36 

Joint tooling profiles for brickwork. The 
concave joint and vee joint are suitable 
for outdoor use in severe climates. 


FIGURE 5.37 
Two types of lintels for spanning 


openings in brick walls. The steel angle 
lintel (top) requires some trimming of 
the first courses of brick but is scarcely 
visible in the finished wall. The precast 
reinforced concrete lintel (bottom) is 
clearly visible. For short spans, cut stone 
lintels without reinforcing can be used in 
the same manner as the concrete lintel. 


apprenticeship period for brickma- 
sons is both long and demanding. 
Bricks may be cut as needed, ei- 
ther with sharp, well-directed blows 
of the chisel-pointed end of a mason’s 
hammer or, for greater accuracy and 
more intricate shapes, with a power 
saw that uses a water-cooled diamond 
blade (Figure 5.10). Cutting of bricks 
slows the process of bricklaying con- 
siderably, however, and _ ordinary 
brick walls should be dimensioned to 
minimize cutting (Figure 5.33). 
Mortar joints can vary in thick- 
ness from about “% inch (6.5 mm) 
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to more than % inch (13 mm). Thin 
joints work only when the bricks are 
identical to one another within very 
small tolerances and the mortar is 
made with fine sand. Very thick joints 
require a stiff mortar that is difficult 
to work with. Mortar joints are usu- 
ally standardized at % inch (9.5 mm), 
which is easy for the mason and al- 
lows for considerable distortion 
and unevenness in the bricks. One- 
half-inch (12.7-mm) joints are also 
common. 

The joints in brickwork are tooled 
an hour or two after laying as the mor- 
tar begins to harden, to give a neat ap- 
pearance and to compact the mortar 
into a profile that meets the visual and 
weather-resistive requirements of the 
wall (Figures 5.34 and 5.36). Outdoors, 
the vee joint and concave joint shed wa- 
ter and resist freeze-thaw damage bet- 
ter than the others. Indoors, a raked or 
stripped joint can be used, if desired, to 
accentuate the pattern of bricks in the 
wall and deemphasize the mortar. 

After joint tooling, the face of the 
brick wall is swept with a soft brush to 
remove the dry crumbs of mortar left 
by the tooling process. If the mason has 
worked cleanly, the wall is now finished, 
but most brick walls are later given a 
final cleaning by scrubbing with muri- 
atic acid (also known as hydrochloric 
acid [HCl]) and rinsing with water to 
remove mortar stains from the faces of 
the bricks. Because light-colored bricks 
can be stained by acids, they should be 
cleaned by other means. 


Spanning Openings 
with Brick 


Brick walls must be supported above 
openings for windows and doors. Lin- 
tels of reinforced concrete or steel 
angles are equally satisfactory from 
a technical standpoint (Figure 5.37). 
The near invisibility of the steel lintel 
is a source of delight to some design- 
ers but is unsatisfactory to those who 
prefer that a building express visually 
its means of support. Wood, which 
has been used historically for this 
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FIGURE 5.38 

Corbelling has many uses in masonry 
construction. It is used in this example 
to span a door opening and to create a 
bracket for support of a beam. 


purpose, is no longer used for lintels 
because of its tendency to burn, to 
decay, and to shrink and allow the 
masonry above to settle and crack. 
The corbel is an ancient struc- 
tural device of limited spanning ca- 
pability, one that may be used for 
small openings in brick walls, for 
beam brackets, and for ornament 
(Figures 5.38 and 5.39). A good rule 
of thumb for designing corbels is 
that the projection of each course 
should not exceed half of the course 


FIGURE 5.39 
Ornamental corbelled brickwork in an 18th-century New England chimney. Step flash- 
ings of lead sheet waterproof the junction between the chimney and the wood shingles 
of the roof. (Photo by Edward Allen) 


height; this results in a corbel angle 
of about 60 degrees to the horizontal 
and minimizes flexural stress in the 
bricks. 

The brick arch is a structural 
form so widely used and so powerful, 
both structurally and symbolically, 
that entire books have been devoted 
to it. Given a centering of wood or 
steel (Figure 5.40), a mason can lay 
a brick arch very rapidly, although 
the spandrel, the area of flat wall that 
adjoins the arch, is slow to construct 


because of its numerous cut bricks. 
Some brick manufacturers can pro- 
vide specially molded wedge-shaped 
bricks for an arch of any radius and 
shape. In an arch of gauged brick, 
each brick is rubbed to the required 
wedge shape on an abrasive stone, 
which is laborious and expensive. 
The rough arch, which depends on 
wedge-shaped mortar joints for its 
curvature, is therefore the type most 
commonly used in today’s buildings 
(Figures 5.41 and 5.42). 
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FIGURE 5.40 

(a) Two rough brick arches under construction, each on its wooden centering. (b) The brick locations were marked on the centering 
in advance to be sure that no partial bricks or unusual mortar joint thicknesses would be required to close the arch. This was done 
by laying the centering on its side on the floor and placing bricks around it, adjusting their positions by trial and error to achieve 

a uniform spacing. Then the location of each brick was marked with pencil on the curved surface of the centering. (c) The brick 
arches whose construction is illustrated in the previous two photographs span a fireplace room that is roofed with a brick barrel 
vault. The firebox is lined with firebrick, and the floor is finished with quarry tiles. (Photos by Edward Allen) 
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FIGURE 5.41 
A rough brick triple-rowlock arch spans a window opening. The recessing of the innermost 
rowlock course creates a shadow line that accentuates the arch. (Photo by Edward Allen) 


FIGURE 5.42 
A rough jack arch (also called a “flat arch”) in a wall of Flemish Bond brickwork. 
(Photo by Edward Allen) 


STONE MASONRY 


Stone masonry is the most expensive 
type of masonry used in residential 
construction and requires skilled 
and meticulous craftsmanship at the 
site. Because of this, the stonework of 
walls and fireplace facings for mod- 
ern residences invariably consists of 
a veneer of stone over a structural 
CMU base (Figure 5.43). Stone pav- 
ing is essentially a veneer over the 
ground (Figure 5.44). 


Types of Building Stone 


Building stone is obtained by taking 
rock from the earth and reducing it 
to the required shapes and sizes for 
construction. Three types of rock 
are commonly quarried to produce 
building stone: 


¢ Igneous rock, which is rock that was 
deposited in a molten state 


e Sedimentary rock, which is rock that 
was deposited by the action of water 
or wind 


¢ Metamorphic rock, which was either 
igneous or sedimentary rock that has 
been transformed by heat and pres- 
sure into a different type of rock 


Granite is the igneous rock most 
commonly quarried for construction 
in North America. It can be obtained 
in a range of colors that includes 
gray, black, pink, red, brown, buff, 
and green. Granite is nonporous, 
hard, strong, and durable, the most 
nearly permanent of building stones, 
suitable for use in contact with the 
ground or exposed to severe weather- 
ing. It is often used in its rough quar- 
ried state for garden walls or veneers, 
and its surface can be finished in a 
variety of textures, including a mir 
rorlike polish applied to granite slabs 
and tiles used for countertops and 
fireplace facings. Basalt is another 
igneous rock often used in construc- 
tion. Like granite, it is very dense and 
durable, but it is usually found only 
in a dark gray color and is seldom ma- 
chined (Figure 5.43). 


FIGURE 5.43 

This tall stone retaining wall creates 

a level terrace for a house on the hill 
above it. The structure of the wall is 
made of reinforced CMUs covered with 
a basalt veneer. (Landscape Architect: Ron 
Lovinger. Photo by Cynthia Girling) 


FIGURE 5.44 

Granite paving laid without mortar 

in a bed of sand. Outdoor pavings of 
masonry may also be laid in mortar over 
concrete slabs. (Photo by Edward Allen) 
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Limestone and sandstone are the 
principal sedimentary rocks used 
in construction. Limestone is a po- 
rous stone that contains consider- 
able groundwater (quarry sap) when 
quarried. While still saturated, most 
limestones are easy to work, but 
they are susceptible to frost dam- 
age. After seasoning in the air to 
evaporate the quarry sap, the stone 
becomes harder and is resistant to 
frost damage. Limestone colors 
range from almost white through 
gray and buff to iron oxide red. 
Sandstone has two familiar forms: 
brownstone, widely used in wall con- 
struction, and bluestone, a highly 
stratified, durable stone especially 
suitable for paving and wall copings. 
Neither limestone nor sandstone 
will accept a high polish. 

Slate and marble are the major 
metamorphic stones used in con- 
struction. Slate was formed from clay 
and is a dense, hard stone with closely 
spaced planes of cleavage, along 
which it is easily split into sheets, 
making it useful for paving stones, 
roof shingles, and thin wall facings. 
It occurs in black, gray, purple, blue, 
green, and red. Marble is a recrystal- 
lized form of limestone. It is easily 
polished and cut into slabs and tiles. 
It occurs in white, black, and nearly 
every color, often with beautiful pat- 
terns of veining. 

The stone industry is interna- 
tional in scope and operation. Archi- 
tects and building owners select stone 
primarily on the basis of appearance, 
durability, and cost, often with little 
regard to national origin. As a result 
of these factors and the low cost of 
ocean freight relative to the value of 
stone, it is common to select a stone 
that is quarried in one country, cut 
and finished in another, and used for 
construction in a third. Because of the 
unique character of many domestic 
stones, both U.S. and Canadian quar- 
ries and mills ship millions of tons of 
stone to foreign countries each year, 
in addition to the even larger amount 
that is quarried, milled, and erected 
at home. 
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Coursed rubble 


oz A 


Rubble and ashlar stone masonry, coursed and random. 


Random ashlar 


FIGURE 5.45 


FIGURE 5.46 
Random granite rubble masonry (left) and random ashlar limestone (right). (Photos by Edward Allen) 


The construction industry uses 
stone in many different forms. [eld- 
stone is rough building stone that is 
obtained from riverbeds and _ rock- 
strewn fields. Rubble stone consists of 
irregular quarried fragments that 


have at least one good face to expose 
in a wall. Dimension stone is stone that 
has been quarried and cut into rect- 
angular form; large slabs are often 
referred to as cut stone, and small rect- 
angular blocks are called ashlar. The 
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maximum sizes and minimum thick- 
nesses of sheets of cut stone vary from 
one type of stone to another. Flagstone 
consists of thin slabs of stone that are 
used for flooring and paving, either 
rectangular or irregular in outline. 


Stone Masonry 


Two simple distinctions are useful in 
classifying patterns of stone masonry 
(Figures 5.45 and 5.46): 


e Rubblemasonry is composed of un- 
squared pieces of stone, whereas ash- 
lar is made up of squared pieces. 


© Coursed stone masonry has continu- 
ous horizontal joint lines, whereas wn- 
coursed or random does not. 


Rubble can take many forms, 
from rounded river-washed stones 
to broken pieces from a quarry. It 
may be either coursed or uncoursed. 
Ashlar masonry may be coursed or 
uncoursed and may be made up 
of blocks that are the same size or 


FIGURE 5.47 
In ages past, we entrusted our lives to the strength of stone and 
the craft of the stonemason. (Photo by Rob Thallon) 


several different sizes. The terms are 
obviously very general in their mean- 
ing, and the reader will find some 
variation in usage even among peo- 
ple experienced in the field of stone 
masonry. 

Exceptional care is taken dur- 
ing construction to keep stonework 
clean: Nonstaining mortars are used, 
high standards of workmanship are 
enforced, and the work is kept cov- 
ered as much as possible. Flashings 
in stone masonry must be of plastic 
or nonstaining metal. Stonework may 
be cleaned only with mild soap, water, 
and a soft brush. 

From thousands of years of ex- 
perience in building with stone, we 
have inherited a rich tradition of 


FIGURE 5.48 
Rubble stonework at the base of a wall. The wall at the project- 
ing bay in the background has yet to have the stonework laid. 
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styles and techniques (Figure 5.47). 
This tradition is all the richer for its 
regional variations that are nurtured 
by the locally abundant stones: stern, 
gray granite and gray-streaked white 
Vermont marble in the northeastern 
United States; red, brown, and blue 
sandstone in New York, Ohio, and 
Pennsylvania; buff and gray limestone 
from Indiana; gray-black basalt on the 
West Coast. Though the stone indus- 
try is now global in character, its great- 
est glories are often regional and local. 
Although stone masonry construc- 
tion is less common now than it was 
a century ago, masons who specialize 
in stonework are typically dedicated 
to maintaining a high level of craft in 
their work (Figures 5.48 and 18.2). 


The omitted stone in the foreground allows a hose bibb to be 
hidden. (Photo by Rob Thallon) 
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Manufactured Stone 


The beauty of stone masonry, in con- 
junction with the high cost of natural 
stone, has created a market for manu- 
factured stone. Made in molds taken 
directly from real stone, manufactured 
stone is a thin material (approximately 
1% inches thick) made of lightweight 
concrete dyed to match the color 
ation of the authentic stone that it is 
meant to imitate (Figure 5.49). It is 
applied to the building as a veneer, 
more like tile than masonry, and its 
light weight even allows it to be ap- 
plied from the top of the wall down to 
avoid spilling mortar on pieces that 
have already been laid. Manufactured 
stone is discussed in more detail in 
FIGURE 5.49 Chapter 13. 


A manufactured stone sample board is displayed at a masonry products supplier. In- 


dividual samples are loaned to prospective customers in order to examine their color 
and texture at the building site. (Photo by Rob Thallon) 


FIGURE 5.50 

Glass blocks are an 
appropriate mate- 
rial where conditions 
are moist or wet and 
daylight, privacy, and 
durability are all 
desired. Glass blocks 
are used effectively 
here to provide light 
and pattern to a 
bathroom and shower. 
(Photo and design by 
James Givens) 


OTHER TYPES OF 
MASONRY UNITS 


Bricks, stones, manufactured stones, 
and concrete blocks are the most 
commonly used types of masonry 
units, but other types are available 
as well. Glass blocks, available in many 
textures and in clear, heat-absorbing, 
and reflective glass, are enjoying 
a second era of popularity after 
nearly disappearing from the market 
(Figure 5.50). 

Autoclaved aerated concrete (AAC), 
though it has been manufactured 
and used in Europe for many years, 
has only recently begun to be made 
in North America (Figure 5.51). It 
is produced by mixing sand, lime, 
water, and a small amount of alumi- 
num powder and reacting these ma- 
terials with steam to produce an aer- 
ated concrete that consists primarily 
of calcium silicate hydrates. AAC is 
available in precast panels for walls 
and roofs and in blocks that are laid 
in mortar like other concrete mason- 
ry units. Because of its trapped gas 
bubbles, which are created by the re- 
action of the aluminum powder with 
the lime, the density of AAC is similar 
to that of wood, and it is easily sawn, 


FIGURE 5.51 
Two huge blocks of AAC material are removed from an autoclave, where they have 


been cured. These blocks will be wire-cut into precisely dimensioned units 10 inches 
high by 25 inches long (250 x 635 mm) and 4, 8, or 10 inches thick (100, 200, or 
250 mm). The solid units are laid in thin-set mortar. Two AAC factories have recently 


been completed in the American Southeast. (Courtesy of Hebel Building System) 


drilled, and shaped. It has moderately 
good thermal insulating properties. 
It is not as strong as normal-density 
concrete, but it is sufficiently strong 
to serve as loadbearing walls, floors, 
and roofs in residential construction. 
Walls of AAC are too porous to be left 
exposed; they are usually stuccoed 
on the exterior and plastered on the 
interior. 


SPECIAL PROBLEMS 
OF MASONRY 
CONSTRUCTION 


Mortar Joint Deterioration 


Mortar joints are the weakest link in 
most masonry walls. Water running 
down a wall tends to accumulate in 
the joints, where cycles of freezing 
and thawing can gradually spall the 
mortar in an accelerating process of 
destruction that eventually creates 


water leaks and loosens the mason- 
ry units. To forestall this process as 
long as possible, a suitably weather- 
resistant mortar formulation must be 
used, and joints must be well filled 
and tightly compacted with a concave 
or vee tooling at the time the ma- 
sonry is laid. Even with all these pre- 
cautions, a masonry wall in a severe 
climate will show substantial joint de- 
terioration after many years of weath- 
ering and may require tuck pointing, a 
process of raking and cutting out the 
defective mortar and replacing it with 
fresh mortar. 


Moisture Resistance of 
Masonry 


Most masonry materials, including 
mortar, are porous and can trans- 
mit water from the outside of the 
wall to the inside. Water can also 
enter through cracks between the 
masonry units and the mortar. To 
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prevent water from entering a build- 
ing through a masonry wall, the 
designer should begin by specify- 
ing appropriate types of masonry 
units, mortar, and joint tooling. The 
construction process should be su- 
pervised closely to be sure that all 
exposed mortar joints are free of 
voids and that flashings are properly 
installed. Masonry walls should be 
protected against excessive wetting 
of the exterior surface of the wall in- 
sofar as practical through roof over- 
hangs and proper roof drainage. 
Beyond these measures, consider- 
ation may also be given to coating the 
wall with stucco or water-repellent 
treatments. It is important that any 
exterior coating be highly perme- 
able to water vapor to avoid blister- 
ing and rupture of the coating from 
outward vapor migration. Masonry 
primer/sealers and paints based on 
portland cement fill the pores of the 
wall without obstructing the outward 
passage of water vapor. Most other 
masonry paints are based on latex 
formulations and are permeable to 
water vapor. Clear silicone sealers al- 
low the natural color of the masonry 
to remain visible and are permeable, 
but they are not as durable as stucco 
coatings or masonry paints. 


Cold and Hot 
Weather Construction 


Mortar cannot be allowed to freeze 
before it has cured, or its strength 
and watertightness may be seriously 
damaged. In cold climates, special 
precautions are necessary if masonry 
work is carried out during the winter 
months. These include such measures 
as keeping masonry units and sand 
dry, protecting them from freezing 
temperatures prior to use, warming 
the mixing water (and sometimes the 
sand as well) to produce mortar at an 
optimum temperature for workabil- 
ity and curing, using a Type III (high 
early strength) cement to accelerate 
the curing of the mortar, and mix- 
ing the mortar in smaller quantities 
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in order that it not cool excessively 
before it is used. The masons’ work- 
stations should be protected from 
wind with temporary enclosures and 
heated if temperatures inside the en- 
closures do not remain above freez- 
ing. The finished masonry must be 
protected against freezing for at least 
2 to 3 days after it is laid, and tops of 
walls should be protected from rain 
and snow. Chemical accelerators and 
so-called “antifreeze” admixtures are, 
in general, harmful to mortar and 
reinforcing steel and should not be 
used. 

In hot weather, mortar may dry 
excessively before it cures. Some 
types of masonry units may have to be 
dampened before laying so that they 
do not absorb too much water from 
the mortar. It is also helpful to keep 
the masonry units and mortar ingre- 
dients, as well as the masons’ worksta- 
tions, in shade. 


Efflorescence 


Efflorescence is a fluffy powder, usually 
white, that sometimes appears on the 


surface of a wall of brick, stone, or 
concrete masonry (Figure 5.52). It 
consists of one or more water-soluble 
salts that were originally present ei- 
ther in the masonry units or in the 
mortar. These were brought to the 
surface and deposited there by water 
that had seeped into the masonry, 
dissolved the salts, then migrated to 
the surface and evaporated. Efflo- 
rescence can usually be avoided by 
choosing masonry units that have 
been shown by laboratory testing not 
to contain water-soluble salts and by 
using clean ingredients in the mor- 
tar. Most types of efflorescence that 
form soon after the completion of 
construction are easily removed with 
water and a brush. Although efflores- 
cence is likely to reappear after such 
a washing, it will diminish and finally 
disappear with time as the salt is grad- 
ually leached out of the wall. Efflo- 
rescence that forms for the first time 
after a period of years is an indication 
that water has only recently begun 
to enter the wall; it is best controlled 
by investigating and correcting the 
source of leakage. 


Expansion and Contraction 


Masonry walls expand and contract 
slightly in response to changes in both 
temperature and moisture content. 
Thermal movement is relatively easy 
to quantify (Figure 5.53). Moisture 
movement is more difficult: New clay 
masonry units tend to absorb water 
and expand slightly under moist 
conditions. New concrete masonry 
units usually shrink somewhat as they 
give off excess water following manu- 
facture, which is the reason Type I units 
(moisture controlled) should be used 
where shrinkage must be minimized. 
Expansion and shrinkage in masonry 
materials are small compared to mois- 
ture movement in wood or thermal 
movement in plastics or aluminum, but 
they must be taken into account in the 
design of the building. Large masonry 
buildings dissipate expansion and con- 
traction by providing surface divider 
joints to avoid an excessive buildup of 
forces that could crack or spall (split 
off flakes of) the masonry, but residen- 
tial-scale masonry structures generally 
use masonry for relatively small facades 
that do not require such detailing. 


FIGURE 5.52 
Efflorescence on a brick wall. (Photo by 
Edward Allen) 


Material in./in./°F mm/mm/°C 
Clay or shale brick masonry 0.0000036 0.0000065 
Normal-weight concrete masonry 0.0000052 0.0000094 
Lightweight concrete masonry 0.0000043 0.0000077 
Granite 0.0000047 0.0000085 
Limestone 0.0000044 0.0000079 
Marble 0.0000073 0.0000131 
Normal-weight concrete 0.0000055 0.0000099 
Structural steel 0.0000055 0.0000117 


FIGURE 5.53 


Average coefficients of thermal expansion for some masonry materials. 


BUILDING GREEN WITH 
MASONRY 


¢ Clay and shale, the raw materials 
for bricks, are plentiful. They are usu- 
ally obtained from open pits, which 
disrupt drainage, vegetation, and 
wildlife habitat. 


e¢ Because of the energy used in its 
firing, brick is a relatively energy- 
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intensive product. A standard brick 
has an embodied energy of about 
14,000 Btu (56,000 kcal). Kilns are 
usually fired with gas, oil, or coal and 
can cause air pollution if improperly 
regulated. 


¢ Most bricks are produced by re- 
gional plants in order to minimize 
the cost and fuel consumption of dis- 
tribution of this heavy product. 


Masonry Mortaring 
Masonry Grouting 


Masonry Anchorage and 
Reinforcement 


Masonry Accessories 
UNIT MASONRY 


Clay Unit Masonry 

Concrete Unit Masonry 
Glass Unit Masonry 
Single-Wythe Unit Masonry 
Multiple-Wythe Unit Masonry 
Engineered Unit Masonry 


STONE ASSEMBLIES 


Exterior Stone Cladding 
Stone Masonry 


MANUFACTURED MASONRY 


Manufactured Brick Masonry 
Cast Stone Masonry 
Manufactured Stone Masonry 
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e Natural stone is less energy inten- 
sive than brick unless it is shipped 
over long distances. The use of local 
stone minimizes the energy used for 
transportation. 


¢ Masonry mortars and CMUs are 
also very energy intensive because 
of the energy used to manufacture 
the portland cement binder. See 
page 165 for further information. 


¢ Masonry is generally not associated 
with any indoor air quality problems. 


¢ Masonry lasts for a very long time 
with little maintenance and can be 
recycled when a building is demol- 
ished, although much of it is dumped 
in landfills at the present time. 


¢ Relatively little waste is generated 
on a construction site by masonry 
work. Such waste is usually buried on 
the site or taken to a landfill. 


e The thermal mass effect of masonry 
can be a useful component of natural 
heating and cooling strategies such as 
solar heating and nighttime cooling. 
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Key TERMs AND CONCEPTS 


masonry unit 
mortar 

brick 

mason 

aggregate 

trowel 

lime 

quicklime 

slaked lime 
hydrated lime 
masonry cement 
concrete masonry unit (CMU) 
concrete block 
lead 

story pole 

line block 

surface bonding 
soft mud process 
water-struck brick 
sand-struck brick 
sand-molded brick 
dry press process 
stiff mud process 
clamp 

clinker brick 
facing brick 
backup brick 
periodic kiln 


This is a clearly written, beautifully illus- 
trated guide to every aspect of concrete 
masonry. 
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2. Herndon, VA: National Concrete Ma- 
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A treasury of typical concrete masonry 
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book. 
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cal Notes on Brick Construction. McLean, 


tunnel kiln 
water smoking 
dehydration 
oxidation 
vitrification 
flashing 
cored brick 
hollow brick 
frogged brick 
brick grades 
brick types 
firebrick 
fireclay 
wythe 
stretcher 
header 
rowlock 
soldier 

vee joint 
concave joint 
raked (stripped) joint 
lintel 

corbel 

arch 
centering 
spandrel 
gauged brick 
rough arch 
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igneous rock 
sedimentary rock 
metamorphic rock 
granite 

basalt 

limestone 
sandstone 

quarry sap 
brownstone 
bluestone 

slate 

marble 

fieldstone 

rubble masonry 
dimension stone 
cut stone 

ashlar 

flagstone 

rubble 

coursed stone 
uncoursed stone 
manufactured stone 
glass block 
autoclaved aerated concrete (AAC) 
tuck pointing 
efflorescence 


REVIEW QUESTIONS 


1. How many syllables are in the word 
“masonry”? (Hint: There cannot be more 
syllables in a word than there are vowels. 
Many people, even masons and building 
professionals, mispronounce this word.) 


2. List the functions of mortar. 


3. What are the ingredients of mortar? 
What is the function of each ingredient? 


4. What are the advantages of CMUs over 
other types of masonry units? 


EXERCISES 


1. Design a masonry gateway for one of 
the entrances to a college campus with 
which you are familiar. Choose whatev- 
er type of masonry you feel is appropri- 
ate and make the fullest use you can of 
the decorative and structural potentials 
of the material. Show as much detail of 
the masonry on your drawings as you 
can. 

2. Visit a masonry supply company and 
view all the types of CMUs that are avail- 
able. What is the function of each? 


5. How may horizontal and vertical steel 
reinforcement be introduced into a CMU 
wall? 

6. What are the molding processes used in 
manufacturing bricks? How do they differ 
from one another? 


7. What is the function of a structural 
brick bond such as Common or Flemish 
Bond? Draw the three most popular brick 
bonds from memory. 


3. Design a decorative CMU that can be 
used to build a richly textured wall. 


4. What is the exact height of a brick wall 
that is 44 courses high, when 3 courses 
of brick plus their 3 mortar joints are 8 
inches (203.2 mm) high? 


5. Obtain sand, hydrated lime, several hun- 
dred bricks, and basic bricklaying tools 
from a masonry supply house. Arrange 
for a mason to help everyone in your class 
learn a bit of bricklaying technique. Use 
lime mortar (hydrated lime, sand, and 
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8. What are the major types of stone used 
in construction? How do their properties 
differ? 

9. In what ways is the laying of stone ma- 
sonry different from the laying of bricks? 


water), which hardens so slowly that it 
can be retempered with water and used 
again and again for many weeks. Lay small 
walls in several different structural bonds. 
Experiment with rowlocks, soldiers, and 
corbels. Make simple wooden centering 
and construct an arch. Dismantle what 
you build at the end of each day, scrape 
the bricks clean, stack them neatly for re- 
use, and retemper the mortar with water, 
covering it with a sheet of plastic to keep 
it from drying out before it is used again. 
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HISTORY 


The ancient Romans, while quarrying 
limestone for mortar, accidentally dis- 
covered a silica- and alumina-bearing 
mineral on the slopes of Mount Vesu- 
vius that, when mixed with limestone 
and burned, produced a cement that 
exhibited the unique property of 
hardening underwater as well as in 
the air. This cement was also harder, 
stronger, much more adhesive, and 
cured much more quickly than the 
ordinary lime mortar to which they 
were accustomed. In time, this mortar 
not only became the preferred type 
for use in all their building projects 
but also began to alter the character 
of Roman construction. Masonry of 
stone or brick was used to build only 
the surface layers of piers, walls, and 
vaults, and the hollow interiors were 
filled entirely with large volumes of 
the new type of mortar (Figure 6.1). 
We now know that this mortar con- 
tained all the essential ingredients of 
modern portland cement and that 
the Romans were the inventors of 
concrete construction. 

Knowledge of concrete construc- 
tion was lost with the fall of the Roman 
Empire, not to be regained until the 
latter 18th century, when a number of 
English inventors began experiment- 
ing with both natural and artificially 
produced cements. Joseph Aspdin, in 
1824, patented an artificial cement 
that he named portland cement, after 


Concrete is the universal material of construction. The raw ingre- 
dients for its manufacture are readily available in every part of the 
world, and concrete can be made into buildings with tools ranging 
from a primitive shovel to a computerized precasting plant. Con- 
crete does not rot or burn; it is relatively low in cost; and it can 

be used for every building purpose, from lowly pavings to sturdy 
structural frames to handsome exterior claddings and interior 
finishes. However, it has no form of its own and no useful tensile 
strength. Before its limitless architectural potential can be real- 
ized, the designer must learn to combine concrete skillfully with 
steel to bring out the best characteristics of each material and to 
mold and shape it to forms appropriate to its qualities. 


English Portland limestone, whose 
durability as a building stone was leg- 
endary. His cement was soon in great 
demand, and the name “portland” re- 
mains in use to the present day. 
Reinforced concrete, concrete that is 
combined with steel bars, was devel- 
oped in the 1850s by several people si- 
multaneously, including J. L. Lambot, 
who built several reinforced concrete 
boats in Paris in 1854, and an Ameri- 
can, Thaddeus Hyatt, who made and 
tested a number of reinforced con- 
crete beams. The combination of steel 
and concrete, however, did not come 


Hadrian’s Villa, a large palace built near Rome between AD 125 and 135, used unrein- 
forced concrete extensively for structures such as this dome. (Photo by Edward Allen) 


into widespread use until a French 
gardener, Joseph Monier, obtained a 
patent for reinforced concrete flower 
pots in 1867 and went on to build con- 
crete water tanks and bridges of the 
new material. By the end of the 19th 
century, engineering design methods 
had been developed for structures of 
reinforced concrete, and a number of 
major structures had been built. 

For residential construction, con- 
crete was readily adopted at an early 
date for its ability to replace the labor- 
intensive stone and mortar founda- 
tion with a less expensive, more regu- 
lar, and equally durable alternative. As 
the use of the material became more 
widespread, experiments with its use 
for other parts of the house proliferat- 
ed. In 1909, Thomas Edison produced 
a design to cast an entire concrete 
house in place (Figure 6.2). Although 
cast concrete houses never caught on, 
the use of concrete in residential con- 
struction has expanded beyond the 
foundation wall. The concrete slab on 
grade is the most significant addition, 
providing basement floors, living 


FIGURE 6.2 


space floors, garage floors, driveways, 
walkways, and terraces. Recently de- 
veloped techniques that use insulated 
forms that are left in place to provide 
thermal insulation for walls have rap- 
idly expanded the use of structural 
concrete for residential construction 
Chapter 24). Early residential con- 
crete work was rarely reinforced, but 
current practice typically combines 
reinforcing steel with the concrete for 
strength and stability. 


CEMENT AND CONCRETE 


Concrete is a rocklike material pro- 
duced by mixing coarse and fine ag- 
gregates, portland cement, and water 
and allowing the mixture to harden. 
Coarse aggregate is normally gravel 
or crushed stone, and fine aggregate 
is sand. Portland cement, hereafter 
referred to simply as cement, is a fine 
gray powder. During the harden- 
ing of concrete, considerable heat 
(called the heat of hydration) is given 
off as the cement combines chemi- 


A model of a cast concrete house designed under the direction of Thomas Edison. All 


parts of the house, including bathtubs, cupboards, fireplaces, and ornamental ceilings, 


were to be made from a single casting of concrete within a 500-piece cast iron form- 


work. When the forms were removed, only doors and windows needed to be added. A 


cluster of 11 houses was built in New Jersey using the techniques developed by 
Edison. (From William A. Radford and Alfred S. Johnson, Radford’s Cyclopedia of Cement 
Construction, Radford Architectural Co., Chicago, 1910) 


Chapter 6 * Concrete / 151 


cally with water to form strong crys- 
tals that bind the aggregates together. 
During this curing process, especially 
as excess water evaporates from the 
concrete, concrete shrinks slightly. 

In properly formulated concrete, 
the majority of the volume consists 
of coarse and fine aggregate, propor- 
tioned and graded so that the fine 
particles fill the spaces between the 
coarse ones (Figure 6.3). Each par- 
ticle becomes completely coated with 
a paste of cement and water to join it 
fully to the surrounding particles. 


Cement 


Portland cement may be manufac- 
tured from any of a number of raw 
materials, provided that they are com- 
bined to yield the necessary amounts 
of lime, iron, silica, and alumina. 
Lime is commonly furnished by lime- 
stone, marble, marl, or seashells. Iron, 
silica, and alumina may be obtained 
in the form of clay or shale. The exact 
ingredients used depend on what is 
readily available, and the recipe varies 


FIGURE 6.3 
Photograph of a polished cross section 


of hardened concrete, showing the close 
packing of coarse and fine aggregates 
and the complete coating of every 
particle with cement paste. (Courtesy of 
Portland Cement Association, Skokie, Illinois) 
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widely from one geographic region to 
another, often including slag or flue 
dust from iron furnaces, chalk, sand, 
ore washings, bauxite, and other min- 
erals. The selected constituents are 
crushed, ground, proportioned, and 
blended, then conducted through a 
rotating kiln at temperatures of 2600 
to 3000°F (1400 to 1650°C) to produce 
clinker (Figure 6.4). After cooling, the 
clinker is pulverized (along with a 
small amount of gypsum to retard the 
curing process) to a powder finer than 
flour. This powder, portland cement, 
is either packaged in bags or shipped 
in bulk. In the United States, a stan- 
dard bag of cement contains | cubic 
foot and weighs 94 pounds (43 kg). 

There are eight different types of 
portland cement: 


Type I Normal 

Type IA Normal, air-entraining 

Type II Moderate resistance to 
sulfate attack 

Type IIA Moderate resistance, 
air-entraining 

Type UI High early strength 


FIGURE 6.4 


Type NIA High early strength, 
air-entraining 

Type IV 

Type V 


Low heat of hydration 


High resistance to 
sulfate attack 


Type I cement is used for most 
purposes in construction. Types II 
and IV are used where the concrete 
will be in contact with water that has 
a high concentration of sulfates. Type 
III hardens more quickly than the 
other types and is employed in situa- 
tions where a reduced curing period 
is desired as may be the case in cold 
weather, in the precasting of con- 
crete structural elements, or when 
the construction schedule must be 
accelerated. Type IV is used in mas- 
sive structures such as dams where 
the heat emitted by the curing con- 
crete may accumulate and raise the 
temperature of the concrete to dam- 
aging levels. Air-entraining cements 
contain ingredients that cause mi- 
croscopic air bubbles to form in the 
concrete during mixing (Figure 6.5). 
These bubbles, which usually com- 
prise 2 to 8 percent of the volume of 


A rotary kiln manufacturing cement clinker. (Courtesy of Portland Cement Association, 


Skokie, Illinois) 


the finished concrete, give improved 
workability during placement of the 
concrete and, more important, great- 
ly increase the resistance of the cured 
concrete to damage caused by repeat- 
ed cycles of freezing and thawing. Air- 
entrained concrete is commonly used 
for paving and exposed architectural 
concrete in cold climates. With ap- 
propriate adjustments in the formu- 
lation of the mix, air-entrained con- 
crete can achieve the same structural 
strength as normal concrete. 


Aggregates and Water 


Because aggregates make up roughly 
three-quarters of the volume of con- 
crete, the structural strength of a 
concrete is heavily dependent on the 
quality of its aggregates. Aggregates 
for concrete must be strong, clean, 
resistant to freeze-thaw deterioration, 
chemically stable, and properly graded 
for size (Figure 6.6). An aggregate that 
is dusty or muddy will contaminate 
the cement paste with inert particles 
that weaken it, and an aggregate that 
contains any of a number of chemicals 
from sea salt to organic compounds 
can cause problems ranging from 
corrosion of reinforcing steel to retar- 
dation of the curing process and ulti- 
mate weakening of the concrete. 

The size distribution of aggregate 
particles is important because a range 
of sizes must be included in each con- 
crete mix to achieve close packing of 
the particles. A concrete aggregate is 
graded for size by passing a sample 
of it through a standard assortment 
of sieves with diminishing mesh spac- 
ings, then weighing the percentage of 
material that passes each sieve. This 
test makes it possible to compare the 
grading of an actual aggregate with 
the ideal grading for a particular con- 
crete mixture. The size of aggregate 
is also significant because the largest 
particle in a concrete mix must be 
small enough to pass easily between 
the most closely spaced reinforcing 
bars and to fit easily into the form- 
work. In general, the maximum ag- 
gregate size should not be greater 


FIGURE 6.5 

A photomicrograph of air-entrained con- 
crete shows the bubbles of entrained air 
(0.01 inch equals 0.25 mm). (Courtesy of 
Portland Cement Association, Skokie, Illinois) 


FIGURE 6.6 
Taking a sample of coarse aggregate from a crusher yard for testing. (Courtesy of 


Portland Cement Association, Skokie, Illinois) 


than three-fourths of the clear spac- 
ing between bars or one-third the 
depth of a slab. For very thin slabs 
and toppings, a %inch (9-mm) maxi- 
mum aggregate diameter is often 
specified. A %- or 1/4inch (19- or 38- 
mm) maximum is common for most 
slab and structural work, but aggre- 
gate diameters up to 6 inches (150 
mm) are used in dams and other mas- 
sive structures. Producers of concrete 
aggregates use screens to sort their 
product for size and can furnish ag- 
gregates graded to order. 
Nonstructural lightweight con- 
cretes are made as insulating roof 
toppings in densities only one-fourth 
to one-sixth that of normal concrete. 
The aggregates in these concretes are 
usually expanded mica (vermiculite) or 
expanded volcanic glass (perlite), and 
the density of the concretes is further 
reduced by admixtures that entrain 
large amounts of air during mixing. 
Mixing water for concrete must 
be free of harmful substances, espe- 
cially organic material, clay, and salts 
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such as chlorides and sulfates. Water 
that is suitable for drinking is gener- 
ally suitable for concrete. 


Admixtures 


Ingredients other than cement, ag- 
gregates, and water are often added 
to concrete to alter its properties in 
various ways. 


e¢ Airentraining admixtures may be 
put in the mix, if they are not already 
in the cement, to increase the work- 
ability of the wet concrete, to reduce 
freeze-thaw damage, or, in larger 
amounts, to create very lightweight 
nonstructural concretes with thermal 
insulating properties. 


© Water-reducing admixtures allow a re- 
duction in the amount of mixing wa- 
ter while retaining the same workabil- 
ity, which results in a higher-strength 
concrete. 

e High-range water-reducing admix- 
tures, also known as superplasticizers, 
are organic compounds that trans- 
form a stiff concrete mix into a free- 
flowing liquid. They are used either 
to facilitate placement of concrete 
under difficult circumstances or to re- 
duce the water content of a concrete 
mix in order to increase its strength. 


e Accelerating admixtures cause the 
concrete to cure more rapidly, and 
retarding admixtures slow its curing to 
allow more time for working with the 
wet concrete. 


¢ Fly ash, a fine powder that is a waste 
product from coal-fired power plants, 
increases concrete strength, decreases 
permeability, increases sulfate resis- 
tance, reduces temperature rise, re- 
duces mixing water, and improves the 
pumpability and workability of concrete. 


e Silica fume, also known as microsili- 
ca, is a powder that is approximately 
100 times finer than portland ce- 
ment, consisting mostly of silicon di- 
oxide. It is a byproduct of electronic 
chip manufacturing. When added to 
a concrete mix, it produces extremely 
high strength concrete that also has 
very low permeability. 
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e Blast furnace slag is a byproduct 
of iron manufacture that can im- 
prove concrete workability, increase 
strength, reduce permeability, reduce 
temperature rise, and improve sulfate 
resistance. 


¢ Pozzolans are various natural or 
artificial materials that react with the 
calcium hydroxide in wet concrete to 
form cementing compounds. They 
are used for purposes such as reduc- 
ing the internal temperatures of cur- 
ing concrete, reducing the reactivity 
of concrete with aggregates contain- 
ing sulfates, or improving the work- 
ability of the concrete. 


© Workability agents make the wet 
concrete easier to place in forms 
and finish by improving its plastic- 
ity. They include pozzolans and air- 
entraining admixtures, along with 
certain fly ashes and organic com- 
pounds. 


© Corrosion inhibitors are used to re- 
duce rusting of reinforcing steel in 
structures that are exposed to road 
de-icing salts or other corrosion- 
causing chemicals. 


e Fibrous admixtures are short fibers, 
usually of glass, steel, or polypropyl- 
ene, that are added to a concrete 
mix to act as microreinforcing. 
Their most common use is to reduce 
plastic shrinkage cracking that some- 
times occurs during curing of slabs. 


© Freeze protection admixtures allow 
concrete to cure satisfactorily at tem- 
peratures as low as 20°F (7°C). 


e Extended set-control admixtures may 
be used to delay the curing reaction 
in concrete for any desired period, 
even several days. The stabilizer com- 
ponent, added at the time of initial 
mixing, defers the onset of curing 
indefinitely; the activator component, 
added when desired, reinitiates the 
curing process. 


¢ Coloring agents are dyes and pig- 
ments used to alter and control 
the color of concrete for building 
components whose appearance is 
important. 


MAKING AND PLACING 
CONCRETE 


Proportioning Concrete 
Mixes 


The quality of cured concrete is 
measured by any of several criteria, 
depending on the end use of the 
concrete. For structural elements, 
compressive strength and stiffness are 
important. For paving and floor slabs, 
surface smoothness and abrasion re- 
sistance are also important. For ex- 
terior paving and concrete walls, a 
high degree of weather resistance is 
required. Watertightness is impor- 
tant in concrete walls. Regardless of 
the criterion to which one is work- 
ing, however, the rules for making 
high-quality concrete are much the 
same: Use clean, sound ingredients; 
mix them in the correct proportions; 
handle the wet concrete properly to 
avoid segregating its ingredients; and 
cure the concrete carefully under 
controlled conditions. 

The design of concrete mixtures 
is a science that can be described 
here only in its broad outlines. The 
starting point of any mix design is 
to establish the desired workability 
characteristics of the wet concrete, 
the desired physical properties of 
the cured concrete, and the accept- 
able cost of the concrete, keeping in 
mind that there is no need to spend 
money to make concrete better than 
it needs to be for a given application. 
Concrete with ultimate compression 
strength as low as 2000 pounds per 
square inch (13.8 MPa) is satisfac- 
tory for some foundation elements. 
Concrete with ultimate compression 
strength of 22,000 pounds per square 
inch (150 MPa), produced with the 
aid of silica fume, fly ash, and super- 
plasticizer admixtures, is currently 
being employed in the columns of 
some high-rise buildings, and higher 
strengths than this are certain to be 
developed in the near future. Accept- 
able workability is achievable at any of 
these strength levels. 


Given a proper gradation of sat- 
isfactory aggregates, the strength of 
cured concrete is primarily depen- 
dent on the amount of cement in the 
mix and the water—cement ratio. While 
water is required as a reactant in 
the curing of concrete, much larger 
amounts of water must be added to 
a concrete mix than are needed for 
the hydration of the cement, in order 
to give the wet concrete the necessary 
fluidity and plasticity for placing and 
finishing. The extra water eventually 
evaporates from the concrete, leav- 
ing microscopic voids that impair the 
strength and surface qualities of the 
concrete (Figure 6.7). 

Absolute water-cement ratios 
by weight should be kept below 0.60 
for most applications, meaning that 
the weight of the water in the mix 
should not be more than 60 percent 
of the weight of the portland cement. 
Higher water—cement ratios than this 
are often favored by concrete work- 
ers because they produce a fluid 
mixture that is easy to place in the 
forms, but the resulting concrete is 
likely to be deficient in strength and 
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FIGURE 6.7 

The effect of the water—cement ratio on 
the strength of concrete. A-E concrete 
is air-entrained concrete. (Reprinted 

with permission of the Portland Cement 
Association from Design and Control of 
Concrete Mixtures) 


FIGURE 6.8 

Charging a transit-mix truck with measured quantities of cement, aggregates, 
admixtures, and water at a central batch plant. (Courtesy of Portland Cement Association, 
Skokie, Illinois) 


FIGURE 6.9 
A transit-mix truck discharges its concrete, which was mixed en route in the rotating 


drum, into a truck-mounted concrete pump, which forces it through a hose to the 
point in the building at which it is being poured. (Photo by Rob Thallon) 
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surface qualities. Low water-cement 
ratios make concrete that is dense 
and strong, but unless air-entraining 
or water-reducing admixtures are in- 
cluded in the mix, the concrete will 
not flow easily into the forms and will 
have large voids. It is important that 
concrete be formulated with the right 
quantity of water for each situation, 
enough to assure workability but not 
enough to adversely affect the final 
properties of the material. 

Most concrete in North America 
is proportioned at central batch 
plants, using up-to-date laboratory 
equipment and engineering knowl- 
edge to produce concrete with the 
specified properties. The concrete 
is transit mixed en route in a rotat- 
ing drum on the back of a truck so 
that it is ready to pour by the time it 
reaches the job site (Figures 6.8 and 
6.9). For very small jobs, concrete 
may be mixed at the job site, either 
in a small power-driven mixing drum 
or on a flat surface with shovels. For 
these small jobs, where the quality of 
the finished concrete generally does 
not need to be precisely controlled, 
proportioning is usually done by rule 
of thumb. Typically, the dry ingredi- 
ents are measured volumetrically, us- 
ing a shovel as a measuring device, in 
proportions such as one shovel of ce- 
ment to two of sand to three of gravel, 
with enough water to make a wet con- 
crete that is neither soupy nor stiff. 

Each load of transit-mixed con- 
crete is delivered with a certificate 
from the batch plant that lists its in- 
gredients and their proportions. As 
a further check on quality, a slump 
test may be performed at the time 
of pouring to determine if the de- 
sired degree of workability has been 
achieved without making the con- 
crete too wet (Figures 6.10 and 6.11). 
When the strength of concrete is criti- 
cal, such as in multistory concrete 
structures, standard test cylinders 
are also poured from each truckload. 
Within 48 hours of pouring, the cylin- 
ders are taken to a testing laboratory, 
cured for a specified period under 
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FIGURE 6.10 

A slump test for concrete consistency. 
The hollow metal cone is filled with con- 
crete and tamped with the rod according 
to a standard procedure. The cone is 
carefully lifted off, allowing the wet con- 
crete to slump under its own weight. The 
slump in inches is measured in the man- 
ner shown. (From the U.S. Department of the 
Army, Concrete, Masonry, and Brickwork) 


FIGURE 6.12 
Inserting a standard concrete test 


cylinder into a structural testing machine, 
where it will be crushed to determine its 
strength. (Photo courtesy of Portland 

Cement Association, Skokie, Illinois) 


FIGURE 6.11 


A slump test. (Courtesy of Portland Cement Association, Skokie, Illinois) 


standard conditions, and tested for 
compressive strength (Figure 6.12). 
If the laboratory results are not up 
to the required standard, test cores 
are drilled from the actual members 
poured from the questionable batch 
of concrete. If the strength of these 
core samples is also deficient, the 
contractor will be required to cut out 
the defective concrete and replace it. 


Handling and Placing 
Concrete 


Wet concrete is not a liquid but a 
slurry, an unstable mixture of solids 
and liquids. If wet concrete is vibrat- 
ed excessively, dropped from a great 
height, or moved horizontally for a 
substantial distance in formwork, it 
is likely to segregate. The coarse ag- 
gregate works its way to the bottom 
of the form, and the water and ce- 
ment paste rise to the top. The result 
is concrete of nonuniform and gen- 
erally unsatisfactory properties. Seg- 
regation is prevented by depositing 
the concrete, fresh from the mixer, as 
close to its final position as possible. 


If concrete must be dropped a dis- 
tance that is more than 3 or 4 feet (1 
meter or so), it should be deposited 
through drop chutes that break the fall 
of the concrete. If concrete must be 
moved a large horizontal distance to 
reach inaccessible areas of the form- 
work, it should be pumped through 
hoses or conveyed in buckets or bug- 
gies rather than pushed across or 
through the formwork (Figure 6.13). 
Concrete must be compacted in 
the forms to eliminate trapped air and 
to fill completely around the reinforc- 
ing bars and into all the corners of 
the formwork. This may be done by 
repeatedly thrusting a rod, spade, or 
immersion-type vibrator into the 
concrete at closely spaced intervals 
throughout the formwork. Excessive 
agitation of the concrete must be avoid- 
ed, however, or segregation will occur. 


Curing Concrete 


Because concrete cures by hydration 
and not by drying, it is essential that 
it be kept moist until its required 
strength is achieved. The curing 


reaction takes place over a very long 
period of time, but concrete is com- 
monly designed to be used at the 
strength that it reaches after 28 days 
(4 weeks) of curing. If it is allowed to 
dry at any point during this time pe- 
riod, the strength of the cured con- 
crete will be reduced, and its surface 
qualities will be adversely affected 
(Figure 6.14). Concrete elements 
cast in formwork are protected from 
dehydration on most of their surfaces 
by the formwork, but the top sur- 
faces must be kept moist by repeat- 
edly spraying or flooding with water, 
by covering with moisture-resistant 


FIGURE 6.13 
A worker directs concrete into footing formwork with the hose 
attached to a concrete pumper. The pumper is designed to 

move concrete uphill or over great distances, but for economic 


reasons, it is becoming standard practice to use a pumper on 
most jobs regardless of terrain or scale. (Photo courtesy of 


Portland Cement Association, Skokie, Illinois) 


sheets of paper or film, or by spray- 
ing on a curing compound that seals 
the surface of the concrete against 
loss of moisture. These measures are 
particularly important for concrete 
floor and paving slabs, whose large 
surface areas make them especially 
susceptible to drying. Premature dry- 
ing is a particular danger when slabs 
are poured in hot or windy weather, 
which can cause a slab to crack even 
before it begins to cure. Temporary 
windbreaks may have to be erected, 
shade may have to be provided, and 
frequent fogging of the surface of 
the slab with a fine spray of water is 


150 


125 


100 


75 


50 


25 


FIGURE 6.14 
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required until the slab is hard enough 
to be covered or sprayed with a cur- 
ing compound. 

At low temperatures, the curing 
reaction in concrete proceeds at a 
very reduced rate. If concrete reach- 
es subfreezing temperatures while 
curing, the curing reaction stops 
completely until the temperature of 
the concrete rises above the freezing 
point. It is important that the con- 
crete be protected from low tempera- 
tures and especially from freezing un- 
til it is fully cured. If freshly poured 
concrete is covered or insulated, its 
heat of hydration is often sufficient 
to maintain an adequate temperature 
in the concrete even at fairly low air 
temperatures. Under more severe 
winter conditions, the ingredients of 
the concrete may have to be heated 
before mixing, and both a temporary 
enclosure and a temporary source of 
heat may have to be provided. 


Compressive strength, percent 
of 28-day moist-cured concrete 


Aqe, days 


The growth of compressive strength in concrete over time. 
Moist-cured concrete is still gaining strength after 6 months, 
while air-dried concrete virtually stops curing altogether. 


(Courtesy of Portland Cement Association, Skokie, Illinois) 
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In very hot weather, the hydra- 
tion reaction is greatly accelerated, 
and concrete may begin curing be- 
fore there is time to place and finish 
it. This tendency can be controlled by 
using cool ingredients and, under ex- 
treme conditions, by replacing some 
of the mixing water with an equal 
quantity of crushed ice, making sure 
that the ice has melted fully and the 
concrete has been thoroughly mixed 
before placing. Another method of 
cooling concrete is to bubble liquid 
nitrogen through the mixture at the 
batch plant. 


FORMWORK 


Because concrete is put in place 
as a Shapeless slurry with no physi- 
cal strength, it must be shaped and 
supported by formwork until it has 
cured sufficiently to support itself. 
Formwork is usually made of wood, 
metal, or plastic. It is constructed as 
a negative of the shape intended for 
the concrete. Formwork for a beam 
or slab serves as a temporary working 
surface during the construction pro- 
cess and as the temporary means of 
support for reinforcing bars. Form- 
work must be strong enough to sup- 
port the considerable fluid pressure 
of wet concrete without excessive 
deflection. During curing, the form- 
work helps to retain the necessary 
water of hydration in the concrete. 


After the curing has been completed, 
the formwork must pull away cleanly 
from the concrete surfaces without 
damage either to the concrete or to 
the formwork, which is usually re- 
used. This means that the formwork 
should have no reentrant corners 
that will trap or be trapped by the 
concrete. All formwork surfaces that 
are in contact with concrete must be 
coated with a form-release compound, 
which is an oil, wax, or plastic that 
prevents adhesion of the concrete to 
the form. 

The quality of the concrete 
surfaces can be no better than the 
quality of the forms in which they 
are cast. Surface quality is not criti- 
cal for footings or most basement 
walls, but for walls above grade, the 
requirements for surface quality and 
structural strength of formwork are 
rigorous. Top-grade wooden boards 
and plastic-overlaid plywoods are 
frequently used to achieve high- 
quality surfaces. The ties and tempo- 
rary framing members that support 
the boards or plywood are closely 
spaced to avoid bulging of the forms 
under the extreme pressure of the 
wet concrete. 

In a sense, formwork constitutes 
a temporary building that must be 
erected and demolished in order to 
produce a second, permanent build- 
ing of concrete. The cost of formwork 
is a major component of the overall 
cost of a concrete building frame. 


REINFORCING 


The Concept of Reinforcing 


Concrete has no_ useful tensile 
strength (Figure 6.15) and was lim- 
ited in its structural uses until the 
concept of steel reinforcing was de- 
veloped. The compatibility of steel 
and concrete is a fortuitous accident. 
If the two materials had grossly dif- 
ferent coefficients of thermal expan- 
sion, a reinforced concrete structure 
would tear itself apart during cycles 
of temperature variation. If they were 
chemically incompatible, the steel 
would corrode or the concrete would 
be degraded. If concrete did not ad- 
here to steel, a very different and 
more expensive configuration of rein- 
forcing would be necessary. Concrete 
and steel, however, change dimension 
at nearly the same rate in response 
to temperature changes; steel is pro- 
tected from corrosion by the alkaline 
chemistry of concrete; and concrete 
bonds strongly to steel, providing a 
convenient means of adapting brittle 
concrete to structural elements that 
must resist tension, shear, and bend- 
ing, as well as compression. 

The basic theory of concrete rein- 
forcing is extremely simple: Put the 
steel where tension occurs in a struc- 
tural member and let the concrete re- 
sist compression. This accounts fairly 
precisely for the location of most of 
the reinforcing steel that is used in a 


Allowable Allowable 
Material Tensile Strength Compressive Strength Density Modulus of Elasticity 
Wood (average) 700 psi 1,100 psi 30 pcf 1,200,000 psi 
(4.83 MPa) (7.58 MPa) (480 kg/m?) (8,275 MPa) 
Brick masonry (average) 0 250 psi 120 pcf 1,200,000 psi 
(1.72 MPa) (1,920 kg/m?) (8,275 MPa) 
Steel (ASTM A36) 22,000 psi 22,000 psi 490 pcf 29,000,000 psi 
(151.69 MPa) (151.69 MPa) (7,850 kg/m?) (200,000 MPa) 
Concrete (average) 0 1,350 psi 145 pcf 3,150,000 psi 
(9.31 MPa) (2,320 ke/m?) (21,720 MPa) 


FIGURE 6.15 


Concrete, like masonry, has no useful tensile strength, but its compressive strength is considerable, and when combined with steel 


reinforcing, concrete can be used for every type of structure. 


concrete structure. Steel is also used 
to resist cracking that might other- 
wise be caused by curing shrinkage 
and by thermal expansion and con- 
traction in slabs and walls. 


Steel Bars for Concrete 
Reinforcement 


Reinforcing bars for concrete construc- 
tion (commonly referred to as rebars) 
are made in mills by passing hot steel 
rods through a succession of roll- 
ers that press them into the desired 
shape. They are round in cross sec- 
tion, with surface ribs for better bond- 
ing to concrete (Figures 6.16 and 
6.17). The bars are cut to a standard 
length [commonly 20 feet (6.1 m) 


for residential work], bundled, and 
shipped to local distributors. 

Reinforcing bars are made in a lim- 
ited number of standard diameters, as 
shown in Figures 6.18 and 6.19. Only 
the smallest three of these are com- 
monly used in residential construc- 
tion, with the #4 bar being employed 
more than 90 percent of the time. 
In the United States, bars are speci- 
fied by a simple numbering system 
in which the number corresponds to 
the number of eighths of an inch (3.2 
mm) of bar diameter. For example, a 
#4 reinforcing bar is % or 4% inch (12.7 
mm) in diameter, and a #5 is % inch 
(15.9 mm). In Canada and most other 
countries outside the United States, a 
“hard” metric range of reinforcing bar 
sizes is standard (Figure 6.19). 
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FIGURE 6.16 
Glowing strands of steel are shaped into 
reinforcing bars as they snake their way 


through a rolling mill. (Courtesy of 
Bethlehem Steel Company) 
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FIGURE 6.17 

The deformations rolled into the surface 
of a reinforcing bar help it to bond 
tightly to concrete. (Photo by Edward Allen) 


In selecting reinforcing bars for a 
given basement wall or footing, the 
structural engineer knows from cal- 
culations the required cross-sectional 
area of the bars. This area may be 
achieved with a larger number of 
smaller bars, or a smaller number 
of larger bars, in any of a number of 
combinations. The final bar arrange- 
ment is based on the physical space 
available in the concrete member, the 
required cover dimensions (thickness 
of concrete between the bar and the 
surface of concrete), the clear spac- 
ing required between bars to allow 
passage of the concrete aggregate, 
and the sizes and numbers of bars 
that will be most convenient to install. 

Reinforcing bars are available in 
grades 40, 50, and 60, corresponding 
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ASTM Standard Reinforcing Bars 


Nominal Dimensions 


Bar Size Diameter Cross-Sectional Area Weight (mass) 
American Metric in. mm in.” mm? lb/ft kg/m 
#3 #10 0.375 9.5 0.11 71 0.376 0.560 
#4 #13, 0.500 12.7 0.20 129 0.668 0.944 
#5 #16 0.625 15.9 0.31 199 1.043 1.552 
#6 #19 0.750 19.1 0.44 284 1.502 2.235 
#7 #22 0.875 22.2 0.60 387 2.044 3.042 
#8 #25 1.000 25.4 0.79 510 2.670 3.973 
#9 #29 1.128 28.7 1.00 645 3.400 5.060 
#10 #32 1.270 32.3 1.27 819 4.303 6.404 
#11 #36 1.410 35.8 1.56 1006 5.313 7.907 
#14 #43, 1.693 43.0 2.25 1452 7.65 11.38 
#18 #57 2.257 57.3 4.00 2581 13.6 20.24 


FIGURE 6.18 


American standard sizes of reinforcing bars. These sizes were originally established in conventional units of inches and square 


inches. More recently, “soft metric” designations have also been given to the bars without changing their sizes. Notice that the size 


designations of the bars in both systems of measurement correspond very closely to the rule-of-thumb values of % inch or 1 mm per 


bar size number. 


Metric Reinforcing Bars 


Nominal Dimensions 


Size Nominal Mass Diameter Cross-Sectional 
Designation (kg/m) (mm) Area (mm?) 
10M 0.785 11.3 100 
15M 1.570 16.0 200 
20M 2.355 19.5 300 
25M 3.925 25.2 500 
30M 5.495 29.9 700 
35M 7.850 35.7 1000 
45M 11.775 43.7 1500 
55M 19.625 56.4 2500 


FIGURE 6.19 


These “hard metric” reinforcing bar sizes are used in most countries of the world. 


to steel with yield strengths of 40,000, 
50,000, and 60,000 pounds per 
square inch (275, 345, and 415 MPa). 
Grade 60 is the most readily available 
of the three, but grade 40 is almost 
always sufficient for residential work. 
There is little cost difference among 
the three grades, so engineers typi- 
cally specify grade 40 and allow either 
of the two higher grades to be substi- 
tuted if grade 40 is not available. The 


higher-strength bars are useful where 
there is a restricted amount of space 
available for bars in a concrete mem- 
ber, and they are the most economi- 
cal for vertical bars in columns where 
the bars share compressive loads with 
the concrete in which they are em- 
bedded. 

Reinforcing steel is also pro- 
duced in sheets or rolls of welded 
wire fabric, a grid of wires spaced 2 to 


12 inches (50 to 300 mm) apart. The 
heaviest wires are just over “4 inch 
(12.7 mm) in diameter, and the light- 
est are % inch (12.7 mm) in diameter. 
The lighter styles of welded wire fab- 
ric resemble cattle fencing and are 
used to reinforce concrete slabs on 
grade. The most common size for 
residential slabs is 6 3 6—-W1.4/1.4, 
which is a 6-inch grid of %inch-diam- 
eter wires. Many architects and en- 
gineers prefer a more widely spaced 
grid of individual #3 bars for slabs 
on grade, however, because the grid 
is stronger and workers are not so 
likely to step on the reinforcing dur- 
ing placement of the concrete, forc- 
ing it to the bottom of the slab, where 
it cannot furnish adequate tensile 
resistance to the slab. The principal 
advantage of welded wire fabric over 
individual bars is economy of labor 
in placing the reinforcing, especially 
where a large number of small bars 
can be replaced by a single sheet of 
material. 

The small-diameter bars usually 
used for residential work are typically 
cut to length and bent as required 
at the site. A rebar cutter/bender is 


FIGURE 6.20 

A rebar cutter/bender 
is demonstrated in a 
masonry supply yard. 
The rebar that is orient- 
ed parallel to the ma- 
chine is being bent by 
the force applied to the 
lever arm. The rebar 
that is perpendicular to 
the machine has been 
cut by the action of the 
same lever arm. (Photo 
by Lynne Clearfield) 


Uniform loading 


be V9 


Diagonal forces are highest 
near the ends of the beam 


FIGURE 6.21 

The directions of force in a simply sup- 
ported beam under a uniform loading. 
The solid lines represent compression, 
and the broken lines represent tension. 
Near the ends of the beam, the lines of 
tensile force move upward diagonally 
through the beam. 


the simple tool that performs these 
tasks (Figure 6.20). Large-diameter 
bars for larger structures are usually 
precut and bent at a fabricating shop 
and shipped to the job site labeled to 
indicate their location in the build- 
ing. Once in the forms, reinforcing 
bars are wired together to await pour- 
ing of the concrete. The wire has a 


Concrete cover 
protects the 
steel against fire 
and corrosion 


Bar spacing sufficient 
for aggregate to pass 
through easily 


FIGURE 6.22 

A cross section of a rectangular concrete 
beam showing cover and bar spacing. 
The bars are located near the bottom 

of the beam where tension forces are 
greatest. 


temporary function only, which is to 
hold the reinforcement in position 
until the concrete has cured. Any 
transfer of load from one reinforc- 
ing bar to another in the completed 
building is done by the concrete. 
Where two bars must be spliced, 
they are overlapped a specified num- 
ber of bar diameters, and forces are 
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transferred from one to the other by 
the surrounding concrete. 

The composite action of con- 
crete and steel in reinforced concrete 
structural elements is such that the 
reinforcing steel is always loaded axi- 
ally in tension or compression, and 
occasionally in shear, but never in 
bending. The bending stiffness of the 
reinforcing bars themselves is of no 
consequence in imparting strength 
to the concrete. 


Reinforcing a Simple 
Concrete Beam 


In an ideal, simply supported beam 
under a uniform or distributed load- 
ing, such as a lintel over an open- 
ing in a masonry wall, compressive 
forces follow a set of archlike curves 
that create a maximum of compres- 
sive stress in the top of the beam at 
midspan, with progressively lower 
compressive stresses toward either 
end. A mirrored set of curves shows 
the lines of tensile force, with stresses 
again reaching a maximum at the 
middle of the span (Figure 6.21). In 
an ideally reinforced concrete beam, 
steel reinforcing bars would be bent 
to follow these lines of tension, and 
the bunching of the bars at midspan 
would serve to carry the higher stress- 
es at that point. However, it is difficult 
to bend bars into these curves and to 
support the curved bars adequately 
in the formwork, so a simpler rectilin- 
ear arrangement of reinforcing steel 
is substituted. 

This is done with a set of bottom 
bars and stirrups. The bottom bars are 
placed near the bottom of the beam, 
leaving a specified amount of con- 
crete below and to the sides of the 
rods as cover (Figure 6.22). The con- 
crete cover provides a full embedment 
for the reinforcing bars and protects 
them against fire and corrosion. The 
bars are most heavily stressed at the 
midpoint of the beam span, with pro- 
gressively smaller amounts of stress 
toward each of the supports. The dif- 
ferences in stress are dissipated from 
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Stirrups carry the 
diagonal tension 
forces near the 


ends of the beam 


Bottom steel bars carry 
(a) the tensile forces 


Stirrups 


#3 bars at top 

are used to hold 
suiTups In 
alignment 


FIGURE 6.23 


Bottom bars 


(a) Steel reinforcing for a simply supported beam under a uniform loading. 


(b) A three-dimensional view of the same reinforcing. 


FIGURE 6.24 
Chairs for supporting reinforcing bars 


in beams and slabs. The chair on the 
right has plastic-dipped feet. Chairs sup- 
port only one or two bars each; 

wider supports, called bolsters, support 
several bars. 


the bars into the concrete by means 
of the adhesive bond forces between 
the concrete and the steel, aided by 
the ribs on the surface of the bars. 
The bottom steel does the heavy 
tensile work in the beam, but lesser 
tensile forces remain in a diagonal 
orientation near the ends of the 
beam. These are resisted by a series 
of stirrups (Figure 6.23). The stirrups 
furnish vertical tensile reinforcing 
to resist the cracking forces that run 
diagonally across them. Obviously, 
diagonal stirrups would work more 
efficiently, but economy of instal- 
lation dictates that stirrups should 
be oriented vertically. In residential 
work, the stresses in short, lightly 


loaded beams such as lintels are 
often so minimal that stirrups are not 
required. The small tensile strength 
in the concrete itself is sufficient to 
resist the diagonal tensions. 

When the simple beam of our ex- 
ample is formed, the bottom steel is 
supported at the correct cover height 
by steel chairs (Figure 6.24). These 
accessories remain in the concrete 
after pouring because, although 
their work is then finished, there is 
no way to get them out. In outdoor 
concrete work, the feet of the chairs 
and bolsters may rust where they 
come in contact with the face of the 
beam or slab, unless plastic or plastic- 
capped steel chairs are used. Where 
reinforced concrete is poured in di- 
rect contact with the soil, concrete 
bricks or small pieces of concrete are 
used instead of chairs to prevent rust 
from forming under the feet of the 
chairs and spreading up into the re- 
inforcing bars. 


Reinforcing a Simple 
Cantilever 


In a simple cantilever such as a can- 
tilevered concrete fireplace hearth 
(Figure 18.11), the tensile and com- 
pressive forces are at a maximum 
not in the middle of the span but 
rather at the end, where the canti- 
lever springs from its support. The 
tensile forces are at the top of the 
concrete rather than at the bottom, 
so the reinforcing bars should be 
located near the top of the cantile- 
vered member (Figure 6.26). It is im- 
portant to anchor the bars into the 
mass of masonry or concrete from 
which the cantilever springs. This 
can be achieved, as in this example, 
by extending them back into the 
concrete of the supported portion 
of the hearth. A hearth or other can- 
tilevered slab should have reinforc- 
ing bars distributed across its width. 
The same principles of bar place- 
ment and anchoring apply to a can- 
tilevered beam with much narrower 
proportions. 


Uniform load 


FIGURE 6.26 
The directions of force in a cantile- 


vered concrete member. The solid lines 
represent compression, and the broken 
lines represent tension. Reinforcing bars 
should be located near the lines of ten- 
sion at the top of the member. 


Reinforcing a Concrete 
Retaining Wall 


The reinforcing of a concrete retain- 
ing wall is much more complicated 
than reinforcing either a_ simple 
beam or a cantilever. The forces that 
the wall must resist depend on the soil 
types under and uphill from the wall, 
and the estimation of these forces is 
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a matter best attempted by an expe- 
rienced engineer or architect. The 
placement of reinforcing bars in a 
retaining wall depends on whether 
the wall resists the lateral forces of the 
retained soil by acting as a cantilever 
from its footing, as a beam between 
its two ends, or both. If the wall acts as 
a vertical cantilever, the tensile forces 
in the wall, and therefore the main 
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FIGURE 6.25, 

Concrete countertops employ all the 
principles of concrete construction but 
at a small scale. This countertop is being 
cast in place using a rich mixture with 
small aggregate. Building felt prevents 
moisture from migrating into the wooden 
cabinets, and welded wire mesh rein- 
forces the 2-inch-thick (51-mm) slab. The 
formwork in the foreground at the coun- 
tertop edge will be removed soon after 
the concrete has set so that the edge can 
be troweled to a smooth finish. (Photo by 
Nicholas Lorane) 


FIGURE 6.27 

A cross section of a typical concrete 
retaining wall showing the location of the 
reinforcing bars. 


vertical bars, are on the uphill side, 
where they must be well anchored 
into the footing (Figure 6.27). Occa- 
sionally, a retaining wall is designed 
to span as a horizontal beam between 
its two ends. In this case, the tension 
in the wall is on the downhill side, 
and horizontal bars in this location 
resist the force of the retained soil. 
Because of the complexities of their 
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design and the high incidence of fail- 
ures of retaining walls, most jurisdic- 
tions require that retaining walls over 
4 feet (1.2 m) tall be designed by an 


engineer or architect. 


Reinforcing a 
Foundation Wall 


Concrete foundation walls, whether 
for a crawlspace or a basement, are 
like retaining walls but with one im- 
portant difference: Foundation walls 
are connected at their top to a floor 
structure. This connection to the 
floor braces the wall at the top, and 
the basement floor slab braces it at 
the bottom, enabling it to resist the 


FIGURE 6.28 
A foundation wall acts like a vertically oriented 
beam. The load from the soil pressure is resisted 
by (a) the floor structure at the top of the wall 
and (b) the basement slab and footing at the 
base of the wall. 


pressure of the soil around the perim- 
eter of the house (Figure 6.28). The 
wall acts essentially as a vertical beam 
between the basement floor slab and 
the main floor structure. In cases 
where the pressure of the backfilled 
soil is high, vertical reinforcing bars 
must be located near the inside force 
of the wall to provide tensile strength. 

When a foundation wall is con- 
structed on marginal soil that has 
little compressive strength, or on soil 
that is inconsistent from one end of 
the wall to the other, the wall must 
act as a horizontal beam to support 
the load of the house above. Because 
it cannot be predicted how the ver- 
tical forces along the wall will be 


Hard spots 
in the ground 


distributed, the wall may be required 
to resist upward or downward bend- 
ing forces at any point, so reinforcing 
bars are located at both the top and 
the bottom (Figure 6.29). 


Reinforcing a 
Concrete Column 


Site-cast concrete columns are seldom 
used in low residential construction, 
but occasionally occur in parking ga- 
rages for multifamily structures, or in 
custom single-family houses. Columns 
contain two types of reinforcing: Verti- 
cal bars work with the concrete to share 
the compressive loads and to resist the 


Uniform load 
from house 


Reinforcing bars at 
both top and bottom 
of the wall 


FIGURE 6.29 


Hard spots in the soil at the positions shown would cause tensile forces 


in a foundation wall to follow the curved line—illustrating the need 


to locate reinforcing bars at both the top and the bottom of a wall on 


inconsistent soil. It is wise to reinforce both the top and the bottom of 


the wall in most cases, whether the soil is considered stable or not. 


tensile stresses that occur in columns 
when a building frame is subjected 
to wind or earthquake forces. Ties of 
smaller steel bars wrapped around 
the vertical bars help to prevent them 
from buckling under load: Inward 
buckling is prevented by the concrete 
core of the column and outward buck- 
ling by the ties (Figure 6.30). The ver- 
tical bars may be arranged either in a 
circle or in a rectangular pattern. The 
size and spacing of the ties are deter- 
mined by the structural engineer. To 
minimize labor costs on the job site, 
the ties and vertical bars for each col- 
umn are usually wired together in a 
horizontal position at ground level, 
and the finished column cage is later 
lifted into its final position. 


ACI 301 


Concrete structures are built under 
ACI 301, “Specifications for Structural 
Concrete for Buildings,” a publication 
of the American Concrete Institute. 
This is a comprehensive, detailed spec- 
ification that covers every aspect of 
concrete work: formwork, accessories, 
reinforcement, concrete mixtures, 
handling and placing of concrete, 
and the use of concrete in exposed 


s 
.s 
. 
2 
2 
= 
5 


architectural surfaces. It leaves noth- 
ing to chance. It is a standard that is 
familiar to architects, engineers, con- 
tractors, and building inspectors, and 
furnishes the basis upon which every- 
one works in designing and construct- 
ing buildings with concrete. 


BUILDING GREEN WITH 
CONCRETE 


Worldwide each year, the making of 
concrete consumes 1.6 billion tons 
(1.5 billion tonnes) of portland ce- 
ment, 10 billion tons (9 billion tonnes) 
of sand and rock, and 1 billion tons 
(0.9 billion tonnes) of water, making 
the concrete industry the largest user 
of natural resources in the world. 


¢ The quarrying of the raw materials 
for concrete in open pits can result in 
soil erosion, pollutant runoff, habitat 
loss, and ugly scars on the landscape. 


e Concrete construction also uses 
huge quantities of other materials— 
wood, wood panel products, steel, 
aluminum, plastics—for formwork 
and reinforcing. 


¢ Portland cement is the third most 
energy-intensive material used in con- 
struction after aluminum and steel. 
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FIGURE 6.30 

Reinforcing for concrete columns. To 
the left is a column with a rectangular 
arrangement of vertical bars and column 
ties. To the right is a circular arrange- 
ment of vertical bars with a column 
spiral. Either arrangement may be used 
in either a round or a square column. 


Its embodied energy is about 2400 
Btu per pound, or 5.6 MJ/kg. (The 
total energy embodied in a cubic yard 
of concrete is about 2,600,000 Btu, or 
about 3,600,000 kJ/m?.) 


¢ The production of cement clinker 
is by far the largest user of energy in 
the concrete construction process. 


e The cement industry produces 
massive amounts of air pollution. 
For every ton of cement clinker 
produced, a ton of carbon diox- 
ide, a greenhouse gas, is released 
into the atmosphere. This is about 
7 percent of the total release of 
greenhouse gases in the world, an 
amount equivalent to the output of 
330 million vehicles. Cement kilns 
also emit other gases and dust into 
the atmosphere. 


Green Strategies 


e There are several useful approach- 
es to increasing the sustainability of 
concrete construction: 


1. Improve the quality of concrete 
so that it will last longer, thus re- 
ducing the demand for concrete 
and the need to dispose of demoli- 
tion waste. 
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2. Use waste materials from other 
industries as components of ce- 
ment and concrete. 


3. Minimize the use of materials 
for formwork and reinforcing. 


4. Use concrete intelligently in 
buildings to conserve heating and 
cooling energy and prolong the 
life of the building. 


e Additionally, there is a need to 
minimize waste and pollutant emis- 
sions from every step of the process 
of concrete construction, from quar- 
rying of raw materials through the 
eventual demolition of a concrete 
building. 

e The amount of portland cement 
needed each year could be reduced 
substantially by the increased use 
of fly ash, a waste material from the 
electric power generation industry, 
as a cementing agent in concrete. 
Research suggests that fly ash could 
replace half or more of the port- 
land cement in concrete. High- 
volume fly ash (HVFA) concrete 
needs only two-thirds as much wa- 
ter as normal concrete. It has other 
advantages as well: Its heat of hy- 
dration is much lower than that of 
conventional concrete, and HVFA 
concrete shrinks much less, charac- 
teristics that lead to a denser, more 
durable concrete. 


e Fly ash, which consists of fine par- 
ticles filtered from the stack gases 
of coal-fired electric power generat- 
ing plants, presents a major disposal 
problem to the power industry. Each 
year, 450 million tons (410 million 
tonnes) of fly ash suitable for use 
in concrete are produced as an in- 
evitable byproduct of the generation 
of electricity. Less than 8 percent of 
this is used in concrete at the present 
time. Waste materials from other in- 
dustries can also be used as cement- 
ing agents—blast furnace slag, wood 
ash, and rice-husk ash are several ex- 
amples. 


Aggregates and Water 


e Sand and crushed stone come 
from abundant sources in many parts 
of the world, but high-quality aggre- 
gates are becoming scarce in some 
countries in Europe and elsewhere. 


e Waste materials such as crushed, 
recycled glass, used foundry sand, 
and crushed, recycled concrete can 
substitute for a portion of the conven- 
tional aggregates in concrete. 


e About 1 billion tons (907 million 
tonnes) of concrete construction 
waste are generated annually, a sig- 
nificant portion of which could be 
recycled as aggregates. 


e Water of a quality suitable for con- 
crete is scarce in many developing 
countries. Concretes can use less wa- 
ter with the use of superplasticizers, 
air entrainment, and fly ash. 


Wastes 


e A significant percentage of fresh 
concrete is not used because the 
truck that delivers it to the building 
site contains more than is needed 
for the job. This concrete is often 
dumped on the site, where it hard- 
ens and is later removed and taken 
to a landfill for disposal. An empty 
transit-mix truck must be washed out 
after delivering each batch, which 
produces a substantial volume of 
water that contains portland cement 
particles, admixtures, and aggre- 
gates. There are viable ways in which 
these wastes can be recovered and 
recycled as aggregates and mixing 
water, but more concrete suppliers 
need to implement schemes for do- 
ing this. 


Formwork 


¢ Formwork components that can 
be reused many times have a clear ad- 
vantage over single-use forms, which 


represent a huge waste of construc- 
tion material. 


e Form-release compounds and cur- 
ing compounds should be chosen for 
their low volatile organic compound 
(VOC) content and biodegradability. 


e Insulating concrete forms, al- 
though good only for a single use, 
produce concrete walls with very high 
thermal insulating values. 


Reinforcing 


¢ In North America, reinforcing 
bars are made almost entirely from 
recycled steel scrap, which consists 
primarily of junked automobiles. 
This reduces resource depletion and 
energy consumption significantly. 


Green Uses of Concrete 


¢ Concrete, like masonry, is useful 
as thermal mass—serving to store ex- 
cess heat during overheated periods 
of the day or week and release it back 
to the interior of the building during 
underheated periods. Likewise, ther- 
mal mass can store coolness during 
the night and release it during the 
day to cool a building. 


¢ Concrete made with coarse aggre- 
gate only can be used to make porous 
pavings that allow storm water to fil- 
ter into the ground and recharge 
aquifers. 


Demolition and Recycling 


e When concrete is demolished, its 
reinforcing steel can be recycled as 
scrap. 


¢ In many, if not most, cases, frag- 
ments of demolished concrete can be 
crushed, sorted, and used as aggre- 
gates for new concrete. At present, 
however, most demolished concrete 
is buried on the site, used to fill other 
sites, or dumped in a landfill. 


C.S.1./C.S.C. 
MasterFormat Section Numbers for Concrete 


CONCRETE FORMING AND ACCESSORIES 


03 10 00 


03 11 00 
03 15 00 


03 20 00 


03 21 00 
03 22 00 
03 24 00 


03 30 00 


03 31 00 
03 33 00 
03 35 00 
03 39 00 
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Chapter 6 * Concrete / 167 


3. American Concrete Institute. Manual 
of Concrete Practice. Farmington Hills, MI: 
ACI International, 2010. 


This is the standard, detailed specification 
for every aspect of structural concrete. 


segregation 

drop chute 

curing compound 
formwork 
form-release compound 
concrete reinforcing 
reinforcing bar 
rebar 

welded wire fabric 
bottom bars 

cover 

stirrup 

chair 

tie 
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REVIEW QUESTIONS 


1. What is the difference between cement 
and concrete? 


2. List the conditions that must be met to 
make a satisfactory concrete mix. 


3. List the precautions that should be 
taken to cure concrete properly. How do 


EXERCISES 


1. Design a simple concrete mixture. Mix 
it and pour some test cylinders for sev- 
eral water—cement ratios. Cure and test 
the cylinders. Plot a graph of concrete 
strength versus water—cement ratio. 


2. Sketch from memory the pattern of 
reinforcing for a continuous concrete 


these change in very hot, very windy, and 
very cold weather? 


4. What problems are likely to occur if 
concrete has too low a slump? Too high 
a slump? How can the slump be increased 
without increasing the water content of 
the concrete mixture? 


beam. Add notes to explain the function 
of each feature of the reinforcing. 


3. Design, form, reinforce, and cast a small 
concrete beam, perhaps 6 to 12 feet (2 to 
4m) long. Get help from a professional, if 
necessary, in designing the beam. 


5. Explain how steel reinforcing bars work 
in concrete. 


6. Explain the role of stirrups in beams. 


7. Explain the role of ties in columns. 


4. Visit a construction site where con- 
crete work is going on. Examine the 
forms, reinforcing, and concrete work. 
Observe how concrete is brought to 
the site, transported, placed, compacted, 
and finished. 
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Before the actual construction of a house begins, several activities must be carried out on the site 
where the residence will be located. Excess vegetation and soil must be removed; the building’s founda- 
tion must be laid out and excavated; the water supply, sewer pipe, and utility cables must be installed 
and buried underground; and a drainage system for surface runoff must be put in place. All of these 
activities fall under the general description of rough sitework. 

An important aspect of rough sitework is to organize the site as a temporary factory for the con- 
struction of the house. Although the construction phase generally lasts only 5 to 9 months, it will be a 
period of intense activity. While planning the efficient use of the site for construction, the experienced 
contractor also keeps in mind the long-term goal of sitework, which is to make an outdoor living envi- 
ronment that will complement the interior rooms of the house for many years to come. 

This chapter will focus on the activities surrounding the short-term use of the site, primarily prepar- 
ing the building foundation and locating utilities in the ground. Chapter 21, the final chapter in Part 
Three, will examine the conversion of the building property from a construction site into a landscaped 
residential environment. 


DESIGN 652' 


CONSIDERATIONS 


Before the contractor starts any work 
on the site, the designer must com- 
plete a number of tasks: 


1. Determine the exact location of the 
proposed building relative to the prop- 
erty lines. It is important to check the 
municipal zoning ordinances, which es- 
tablish requirements such as setbacks— 
the distances required between build- 
ings and property lines (Figure 7.1). 


2. Locate the wétlities that will sup- 
port the site, such as power, water, 
gas, and telephone lines. Incorporate 
the position of the various pipes and 
lines, and their type (overhead or un- 
derground), into the design of the 
house. 


FIN. FL. 1035 


3. For urban sites, locate the munici- 
pal sewer line. The designer must spec- 
ify the floor elevations of the building 
in the design to ensure the natural 
drainage of the house sewer into the 
municipal sewer. 


4. For rural sites, obtain approval 
from the local board of health or 
land management agency for the in- 
stallation of a septic system and secure a 
reliable source of potable water for the 
house. os 
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5. Design storm drainagein accordance 
with local ordinances. 


6. If the ability of the soil to support 
the weight of a building is in doubt, 
a soil and/or foundation engineer 
should be consulted and his or her 
recommendations should be incor- 
porated into the plans. 


7. Investigate any other local ordi- 
nances, such as tree-cutting restric- 
tions, wetlands regulations, historic 
district restrictions, and building 
code requirements, and make sure 
that these regulations have been com- 
plied with in the design of the house. 


ORGANIZING THE SITE 
FOR CONSTRUCTION 


The several-month period of actual 
construction is the most intensive use 
the site will ever experience. Heavy 
equipment of all types will move over 
the soil and cut into it. Earth, gravel, 
and building materials will be depos- 
ited and stored on the surface of the 
site. Scores of workers will arrive daily 
in pickup trucks and vans that they 
will park on or around the site. 
Orchestrating all of this activity 
is one of the most important respon- 
sibilities of the contractor and one 
that is crucial to the overall efficiency 
of the work. Access routes and stor- 
age locations need to be planned 
strategically so that they are easy to 
reach while avoiding locations where 
trenches will be dug and filled. Waste 
piles, temporary utilities, and parking 
areas for workers should be located in 
places that will not disrupt construc- 
tion activity. On reasonably large, flat 
sites, this choreography is generally 


FIGURE 7.1 

This architectural site plan shows the 
location of the proposed building on 
the property. The building official will 
check the drawing to ensure that setback 
requirements are met. The contractor 
will use the drawing to help determine 
the location of the foundation. (Courtesy 
of Dietz Design, Eugene, Oregon) 


not difficult. On very small or steep 
sites, however, the management of all 
these materials and activities becomes 
much more difficult. Unforeseen cir- 
cumstances will always call for adjust- 
ment, but a comprehensive plan pre- 
pared by the contractor for the use 
of the site throughout the course of 
construction will conserve much time 
and energy in the long run. 


SITE PREPARATION 


One of the first activities at the build- 
ing site is a survey to establish the 
locations of the property lines. This is 
done by a licensed surveyor, who marks 
the corners of the property and 
notes relative elevations to be used 
for determining the floor levels of 
the house and establishing slopes of 
future site features such as driveways 
and drainage piping. 

Before construction can begin, 
the contractor must clear major veg- 
etation and debris from the portion 
of the site used for building. Any 
trees within the building footprint 
or very close to the building must be 
removed. Very small trees and brush 
should be cut near the ground and 
removed from the site. Medium-sized 
and larger trees should be cut above 
the ground so that excavators can 
later use the stumps as leverage when 
removing the roots. (The disposal of 
large stumps and roots can be a sig- 
nificant expense that is frequently 
overlooked.) 

Once the property lines have 
been located and vegetation re- 
moved, the corners of the building 
are roughly situated and marked on 
the property through a process known 
as staking out. Small stakes are driven 
to mark approximately the corners 
of the building’s foundation. This is 
usually done either by the designer 
during the design process or by the 
contractor just prior to construction. 

The precise location of the build- 
ing on the site is established by us- 
ing the time-tested batter board system 
(Figure 7.2). Batter boards are con- 


Chapter 7 + Rough Sitework / 173 


structed at least 4 feet outside the 
stakes at the corners of the founda- 
tion to allow room for excavation. 
Strings are stretched across the batter 
boards and, with the use of a plumb 
bob, building corners are carefully 
located on the ground. Jogs in the 
foundation for porches, courts, bays, 
and other features are staked in or 
painted on the ground until after ex- 
cavation. 

When establishing the building’s 
outline, it is important to make sure 
that the corners are square, forming 
a true 90-degree angle. A 3-4-5 trian- 
gle is often used to verify that the cor- 
ners are square. Workers will measure 
out a multiple of 3 and 4 from the 
corner (say, 6 and 8 feet) and will ver- 
ify that the diagonal between the two 
points is a multiple of 5 (say, 10 feet). 
Diagonal measurements between the 
outside corners of the building may 
also be supplied by the designer (Fig- 
ure 7.3). Surveying instruments or 
other types of measuring equipment 
are also commonly used to establish 
the corners. On small sites, this work 
may be performed by a surveyor to 
ensure that municipal setback re- 
quirements are recognized. 

On sloping or irregular sites, 
measurements along the slope of 
the ground will not reflect the true 
horizontal distance between cor- 
ners. In this situation, a builder’s level 
is usually used in conjunction with 
batter boards (Figure 7.4). This in- 
strument, through a magnifying 
telescope with crosshairs, is capable 
of precisely establishing vertical and 
horizontal planes. After one corner 
is located, the builder’s level is set up 
accurately over this corner, and the 
angle between the second and third 
corners can be measured by rotating 
the instrument. Horizontal distanc- 
es between corners are determined 
by establishing a horizontal plane 
with the level, measuring along this 
plane between corners, and project- 
ing vertically to the ground with a 
plumb bob from the measurement 
on the plane (Figure 7.5). Batter 
boards set back from these corners 
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The construction of a platform frame 
building begins with the driving of 
stakes to fix its position on the site, and 

1. Corner stakes for the the placing of batter boards as 

foundation are located reference marks for the builder. 

and squared accurately 

with surveying 

instruments or 3:4:5 right 

triangles. 


2. Because the corner 
stakes will be lost during 
excavation, batter boards 
are erected just beyond 
the area to be excavated. 
A saw kerf or nail is 
placed on the batter 
boards in the plane of 
each wall, so strings may 
be stretched to define 
each plane after 
excavation is completed. 


3. A plumb bob is used 


initially to align the marks Rg v” 

on the batter boards with N 

the stakes. Later a plumb “XN gr 

bob is suspended again 

from the intersecting FIGURE 7.2 


strings to locate the 


corners of the walls. Batter boards are used to establish the 
position, shape, and size of the building 


on the site. 


Fig. 2. 


FIGURE 7.3 

This illustration from 1905 shows a plan 
view of the same batter board system that is 
used today to lay out a foundation. Notice 
how extra boards are used to position a 
porch inset at the lower right corner of the 
drawing. Diagonal measurements AB and FIGURE 7.4 


CD are used to ensure that the building A common builder’s level is used to establish level lines and to measure horizontal 
is square. (From F: E. Kidder, Building angles when staking a foundation. More sophisticated and expensive versions use a 
Construction and Superintendence, rotating laser beam to establish a horizontal plane from which levels can be measured. 


William T: Comstock, New York, 1905) (Photo by Rob Thallon) 


[STS 0=0=0== =! 


FIGURE 7.5 

The horizontal distance between stake A 
and point B is measured along the hori- 
zontal line established by the builder’s 
level. A plumb bob at point B will locate 
the position on the ground for a stake 

at B. Measured along the ground, the 
distance from stake A to stake B would 
be greater than the horizontal distance 
between the two. 


allow their position to be main- 
tained throughout the excavation 
process. 


EXCAVATION 


After the site has been cleared and the 
approximate location of the corners 
of the building has been established, 
excavation can begin. Depending on 
the soil type, the slope, the complex- 
ity of the building, and the availability 
of equipment, a number of machines, 
ranging from road grader to back- 
hoe to bulldozer, may be used. (If the 
house is to be built on a rocky site, a 
blasting contractor might also be em- 
ployed.) The excavator first removes 
from the surface all soil containing 
organic matter within the footprint of 
the house. This mixture of topsoil and 
plant material (grass and small roots) 
is stockpiled for future use as backfill. 

Now the process of excavating to 
the correct depth begins. This depth, 
set by the designer, usually corre- 
sponds to the level at which the bot- 
tom of the building’s footing will be 
located. (The footing is the concrete 
base that the building foundation will 
rest on.) The depth is set in relation to 
an existing benchmark or datum estab- 
lished by the designer or the surveyor, 
such as a mark on the top of a street 
curb or a nail driven into a power pole 
or a special stake. The vertical distance 
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FIGURE 7.6 


The elevations of the proposed finish floors are noted on the construction drawings. 
These elevations are referenced to a known elevation on the site referred to as a 
datum or benchmark—in this case, the gutter in front of the driveway. The contractor 
uses this information to establish the elevation of the excavation at the base of the 


footings. 


between the benchmark and the base 
of the footing is indicated in the con- 
struction drawings (Figure 7.6). 
Using a builder’s level or a laser 
level, the contractor and excavator 
usually work as a team to measure the 
depth of the excavation (Figure 7.7). 


FIGURE 7.7 

Infrared laser levels such as this emit a 
highly concentrated beam of light across 
a level plane. Measurements taken from 
the laser beam establish grades for 
excavations, foundations, and floors. 
Laser levels are replacing optical levels 
as standard equipment on residential 
construction sites. Visible beam laser 
levels are also available for interior work. 
(Photos © 2000 Topcon Corp.) 


The level is firmly positioned beside 
the excavation, and the vertical dis- 
tance between this instrument and 
the benchmark is measured using a 
measuring tape, a surveyor’s rod, or a 
story pole (which is a site-made cali- 
brated stick) (Figure 7.8). Then the 
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vertical distance between the bench- 
mark and the base of the proposed 
footing is added to the first measure- 
ment to determine the total vertical 
distance between the builder’s level 
and the base of the excavation. If, for 
example, the benchmark is 50 inches 
below the level and the bottom of the 
footing is designed to be 10 inches 
below the benchmark, the contractor 
would make a mark at 60 inches above 
the bottom of the surveyor’s rod. The 
rod and level are used occasionally as 
excavation work proceeds to check 
the level of the bottom of the excava- 
tion, and the digging stops when the 
60-inch mark is at the same horizon- 
tal plane as the level (Figure 7.9). 

If the soil under the proposed 
house is not sufficiently strong to 
support the house, compacted fill may 
be required. The installation of com- 
pacted fill is directed by an engineer 
and involves the placement of 6- to 
12-inch (150- to 300-mm) layers of 
soil or rock, called lifts. Each lift is 
compacted before the subsequent 
lift is placed. A variety of heavy roll- 
ers, vibrating rollers, and vibrating 
plates are used for this work (Figure 
7.10). When soil is being compacted, 
it is important to monitor carefully 
the ratio of moisture to density of the 
material. This is crucial to the success 
of the operation, as it relates the com- 
paction work on the site to lab tests 
that determine the optimum mois- 
ture content for compaction of vari- 
ous soils (Figure 7.11). 


FIGURE 7.8 


FIGURE 7.9 


builder’s level. 


A rod with a sensor that emits a sound when struck by the 
laser beam allows depth measurements to be performed by 
one person. (Photo by Rob Thallon) 


The rod measures the vertical distance from the bottom of 
the excavation to the horizontal plane established by the 


Rod 


Builder's 
level 


It is common to encounter un- 
foreseen circumstances during exca- 
vation work. Underground springs, 
buried boulders, and pockets of clay 
or other unstable soil are often un- 
covered. When this occurs, adjust- 
ments sometimes need to be made to 
the foundation or to the excavation. 
Often, an engineer will be called in 
to examine the site and recommend 
the best method for proceeding with 
construction (Figure 7.12). Com- 
mon solutions might include adding 
compacted gravel, doing additional 
compacting of the soil beneath the 
foundation, increasing the size of the 
footings, or increasing the amount of 
steel reinforcement in the foundation. 


SITE UTILITIES 


Temporary Utilities 


For the convenience of the contrac- 
tor, temporary utilities must be installed 
as early as possible. Electric power for 
construction equipment is required 
from the time footings begin to be 
made. The contractor usually sets up 
a temporary weathertight electrical 


panel, and the local utility company 
extends a permanent power line onto 
the property to supply the box with 
electricity (Figure 7.13). The tempo- 
rary panel must be inspected by the 
electrical inspector before it can be 
connected, and the power company 
can often take weeks to schedule its 
work, so the experienced contractor 
starts this process well in advance of 
the need for temporary power on the 
site. If a stopgap solution is required, 
a gasoline-powered electric generator 
can be used to allow construction to 
proceed until electricity is available at 
the site. 

Water is also needed early in the 
construction process, especially for 
concrete block foundations. Until a 
permanent water supply is installed 
on-site, adequate quantities of water 
for construction can usually be 
trucked to the site in small barrels or 
borrowed from a neighbor. 

Temporary toilet facilities for 
workers are required on the site from 
the beginning of construction. Usual- 
ly, the contractor will rent a portable 
chemical toilet from a supply com- 
pany, which delivers it to the site and 
cleans it weekly (Figure 7.14). 
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FIGURE 7.10 

This machine is one of a variety designed to compact 
soil or gravel for the purpose of supporting construc- 
tion. When used under a foundation, the material is 
compacted in layers or lifts under the supervision of an 
engineer. (Photo by Rob Thallon) 


FIGURE 7.11 

A nuclear gauge can be used to test the strength of 
the soil. The density of the soil is measured by the 
machine with a probe inserted into a test hole. Soil 
strength is calculated by comparing the measured 
field density with the maximum theoretical dry 
density. (Courtesy of Foundation Engineering, Eugene, 
Oregon) 


FIGURE 7.12 


GRADES SHOWN * BOTTOM OF FOONNG 


The contractor submitted this sketch to the architect after soils were discovered to be inferior at one portion of the site during 
excavation. The sketch clearly illustrates where the soils engineer proposed a deeper excavation and taller foundation walls. 


(Drawing by Mark Dorman) 
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This temporary electrical panel with meter 
was set up and connected to a power sup- 
ply before framing of the house began. 
Temporary lines and extension cords 
provide electricity for construction equip- 
ment from this source until the permanent 
power line is connected to the house. 
(Photo by Rob Thallon) 


Until very recently, a temporary 
phone connection played an impor- 
tant role in site organization and 
overall construction coordination. 
With the recent introduction of cel- 
lular phones, hard-wired temporary 
site phones have all but disappeared. 


Permanent Electrical Power 


Residential electricity is supplied by 
the local utility from overhead or un- 
derground high-voltage lines. The high 
voltage is stepped down with a trans- 
former to produce the 110/220-volt 
power used in the house (Figure 7.15). 
If the high-voltage lines are overhead, 
the transformer is located on a pole; 
if underground, the transformer is lo- 
cated on the ground. In either case, 
the main service cable, which connects 
the transformer to the new house, 
may be placed either overhead or 
underground. Overhead _ installa- 
tions are less expensive and often 
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FIGURE 7.14 


A chemically sanitized temporary toilet facility is a fixture on the site of new con- 
struction until the job has been completed. (Photo by Rob Thallon) 


less disruptive to a wooded site, while 
underground wires are aesthetically 
preferable and easier to maintain. 
Electrical codes require over- 
head electric service wires to main- 
tain a minimum clearance to the 


ground and from the limbs of sur 
rounding trees. Underground cables 
are required to be located 30 to 32 
inches below the finished surface of 
the ground. At this depth, the cable 
will be well protected from everyday 


FIGURE 7.15 
This transformer steps down high voltage from underground lines 


for use in the house. In this case, both high-voltage utility lines and 
110/220-volt residential lines are underground. (Photo by Rob Thallon) 
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Water table 


Pump 


FIGURE 7.16 
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An electric pump at the base of a deep well or the top of a shallow well operates when 


the water pressure in the pressure tank drops to a specified level. Water pumped into 


the tank increases the tank pressure until an upper pressure limit is reached, which 


shuts off the pump. A pressurized cushion of air in the tank maintains water pressure 


in the pipes and prevents the pump from being activated every time a faucet is opened 


in the house. 


gardening activities. The trench may 
contain other utilities as well, so long 
as these are separated from the elec- 
trical cable by distances specified in 
the various codes. Electrical services 
are discussed further in Chapter 16. 


Potable Water 


In urban areas, residential water is 
generally drawn from a municipal 
water supply. The municipality collects 
the water from a river, from a rain-fed 
reservoir, or from wells, then filters 
and purifies it and distributes it to 
customers through water mains bur- 
ied in the street. To tap this source 
for a new house, the contractor digs 
a trench to the property line and a 
pipe is laid in it. The pipe is connect- 
ed to the water main at one end and 
the house at the other, with a water 
meter somewhere along its length 
to measure water consumption. In 


cold climates, the water line must be 
buried below the frost line to keep it 
from freezing in winter; in very cold 
climates, the water meter is located 
inside the house with an electronic 
readout attached to the outside of 
the house. 

In rural areas, residential water 
is often supplied by a well (Figure 
7.16). The residential well is a 6-inch 
hole dug by a hydraulic drilling rig to 
a depth at which an adequate supply 
of clean water is encountered. This 
may be as little as 15 feet in a sandy 
soil near a body of water or as much 
as several hundred feet on rocky sites. 
The well is cased with steel above the 
level of bedrock to prevent cave-ins 
and contamination. The well should 
be drilled at a location on the prop- 
erty where it can be easily serviced, 
yet it must also be placed far enough 
away from the septic system to pre- 
vent contamination. (Most codes 
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require a minimum distance of 100 
feet.) Banks usually require that a 
well produce 5 gallons per minute for 
financing to be approved. If the water 
volume of a newly drilled well is inad- 
equate, a storage tank of 1500 gallons 
or more may solve the problem. 

A submersible electric pump is low- 
ered to the bottom of the well to 
pump water to the house. A pressure 
tank filled partly with air and partly 
with water is located in the line be- 
tween well and house. This tank 
provides a pressurized cushion of 
air so that the pump is not activated 
each time a water tap in the house is 
opened. The air in the tank pressur- 
izes the water in the pipes until the 
pressure in the tank reaches a preset 
lower limit. At that time, the electric 
pump is engaged automatically, water 
is forced into the tank, and the air 
cushion is repressurized by the rising 
volume of water. 


Sewage Systems 


The simplest way to dispose of sewage 
is to connect to a municipal sewer with a 
building sewer. The building sewer is typ- 
ically a 3- or 4-inch plastic pipe sloping 
away from the house at a minimum of 
“inch per foot. It must be installed by 
a plumber or another licensed profes- 
sional who specializes in that work. 
Usually, a city or town public works 
employee will connect the building 
sewer to the municipal sewer line. 

In rural areas without a sewer, a 
septic system is installed on each site 
to digest the sewage and disperse the 
clear effluent into the subsoil. A sep- 
tic system depends on good soil for 
proper operation, so the property 
owner contracts to have a fest pit dug, 
and this pit is inspected by a govern- 
ment agency before a septic permit can 
be issued. From the pit, the inspector 
determines the soil type, the level of 
the water table, and the rate of wa- 
ter absorption based on a percolation 
test. Because a septic permit must be 
obtained before a building permit is 
issued, septic approval is usually a con- 
dition of the sale of rural residential 
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property. A septic system has two 
main components—a septic tank and 
a drain field or leaching field (Fig- 
ure 7.17). The septic tank is a large 
subterranean concrete or fiberglass 
container that accepts the raw sewage 
from the house (Figure 7.18). Within 
the tank, anaerobic decomposition 
takes place—turning most of the 
sewage into liquid waste. The size of 
the tank depends on the number of 
bedrooms and plumbing fixtures in 
the house, but most houses have a 
1000-gallon tank. 

The building sewer runs from 
the house to the inlet of the septic 
tank. At the opposite end of the tank, 
and slightly lower than the inlet, is 
an outlet to which is connected a 
pipe leading to the drain field. The 
liquid effluent from the septic tank is 
carried through this pipe to a distri- 
bution box buried at the head of the 
drain field (Figure 7.19). This box is 
connected to a series of horizontal 
leach lines (Figure 7.20). The purpose 
of the distribution box is to equalize 
the flow of waste to each of the leach 
lines. The leach lines are perforated 
4-inch (100-mm) pipes that are laid 
in a bed of gravel so that the effluent 
will percolate into the ground from 
them. The moisture from the effluent 
eventually drains down to the water 
table or moves upward through the 
soil by capillary action to evaporate 
into the atmosphere. 

The locations on a site for the sep- 
tic tank and drain field are restricted 
by the governmental authority grant- 
ing the septic permit. Codes generally 
specify that the septic tank must be 
sufficiently deep in the ground so that 
waste from the building sewer can 
drain into it by gravity. It must also be 
a minimum prescribed distance from 
the house, usually 5 feet, and may 
not be situated beneath any surface 
where vehicles would normally travel, 
such as a road or driveway. The drain 
field must be in an area where the soil 
and slope have been approved as de- 
scribed in the septic permit, and no 
part of the drain field may be located 
beneath roads or driveways, where the 


soil would be compacted by vehicles. 
The system must also be a minimum 
distance from any stream or well on 
the property, and leach lines must lie 
lower than a specified distance above 
the water table. Practical consider- 
ations such as convenient vehicular 
access to the septic tank for periodic 
pumping and cleaning also play a role 
in locating the system on the site. 
When there are problems with a 
site that prohibit the construction of 
a standard septic system, there may 
be remedies. A sand filter system pro- 
vides percolation and evaporation of 


Precast concrete 


or fiberglass 
septic tank 
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FIGURE 7.17 


the effluent with the construction of 
a large engineered bed of sand and 
soil. Also, a standard drain field or 
sand filter system may actually be lo- 
cated above the elevation of the septic 
tank, provided that a two-chambered 
dosing tank and a pump are used (Fig- 
ures 7.21 and 7.22). 

The septic system is generally 
designed and installed by a special- 
ized subcontractor who is licensed 
for this work. Because it involves so 
much excavation, its installation is 
best scheduled during the dry part 
of the year. 


=e House sewer 


Length of leach lines is 
determined by the size 
of the septic tank and 
the soil conditions 


A typical domestic septic system. Raw sewage flows by gravity from the house 


into the septic tank. After decomposition in the septic tank, a small amount of 
solid material falls as sludge to the bottom of the tank, and liquid effluent flows 
to the drain field where it leaches into the soil. 
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FIGURE 7.18 


The septic tank is a large underground concrete or fiberglass container. Raw 


sewage flows in from one side, and partially digested liquid effluent exits from 


the other. A lid on the top provides access for occasional cleaning. 
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FIGURE 7.19 

The distribution box receives 
liquid effluent from the septic 
tank. A number of holes at the 
same level below the supply 
line provide equal distribution 
of effluent to each of the leach 
lines. 


FIGURE 7.20 

The perforated leach lines 
slope slightly and are laid in 
a bed of gravel to promote 
percolation of effluent 
into the soil. Some of the 
moisture moves downward 
to join the groundwater 
beneath the site, and some 
moves upward by capillary 
action to evaporate at the 
surface of the ground. 
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Gas Lines 


While almost all houses are con- 
nected to electrical power lines, not 
all houses are connected to gas lines. 
Of those that are, houses in incorpo- 
rated areas generally use natural gas, 
which is delivered to the site in gas- 
eous form through pipes, and those 
in rural areas use propane, which is 
delivered in liquid form by truck and 
pumped into an on-site storage tank. 
The location of the storage tank must 
conform to safety regulations and be 
conveniently positioned for access by 
the delivery truck. 

Both natural gas and propane 
enter the house through a pipeline. 
When buried, this line may share a 
trench with other utilities, so long as 
the specified building code clearanc- 
es are observed. 


Telephone and 
Television Cable 


In modern residential construction, 
telephone and communication ca- 
bles are usually buried underground, 
although aboveground service is com- 
mon in some areas. Each utility has 
“connector boxes” positioned along 
cables that run parallel to the pub- 
lic roadways. Individual residences 
tap into the utility by running a line 
from the house to the connector 
box. These lines may share a trench 
with other utilities, so long as speci- 
fied building code clearances are ob- 
served. 


SURFACE WATER 
DRAINAGE 


Erosion Control 


The extreme disruption of a site by the 
removal of vegetation and subsequent 
excavation can have a severe impact 
on downstream neighbors. An erosion 
control plan is therefore required of 
contractors by many municipalities 
before construction can begin. Regu- 
latory agencies will consider several 
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FIGURE 7.21 

A two-chambered dosing tank allows 
uphill pumping of effluent. The first 
chamber in the tank receives and digests 
raw sewage. Only liquid waste enters the 
second chamber, where a pump forces it 
uphill to the distribution box. An alarm 
system activated by a float warns the 
owner if the pump is not operating. 


FIGURE 7.22 

A new concrete dosing tank in the 
ground. Finish grading will cover the 
top of the tank with soil. (Courtesy of 
Willamette Graystone, Eugene, Oregon) 


factors before approving an erosion 
control plan, including the season in 
which the proposed construction will 
take place and the contractor’s meth- 
od for removing storm water from the 
site during construction. 


Storm Drainage System 


The precipitation that falls on a site 
before the construction of a house fil- 
ters into the ground until the ground 
is saturated and then runs off over the 
surface. When a house is built, how- 
ever, the ground under it is no longer 
available to absorb storm water, even 
though the same amount of water still 
falls on the site. In addition, roofs, 
driveways, and other impermeable 
surfaces not only prevent absorption, 
but also redirect storm water to other 
locations on the property. This storm 
water must be collected, channeled, 
and disposed of in such a way that it 
does not cause long-term erosion of 
the land, especially in wet climates. 
Water falling onto the roof of 
a house may be collected in gutters 
at the eave and channeled through 
downspouts to ground level. (The 
installation of gutters and down- 
spouts is discussed in Chapter 11.) 
The runoff flows into a storm drain 
(Figure 7.23). Modern residential 
storm drains are commonly made of 
3- or 4inch plastic pipe. This pipe 
is buried underground and sloped, 


Raw sewage from 


iin i I =i — 


the house enters {il == =I11=U00 

the first chamber —y Effluent is pumped 
uphill to the 

. distribution box 

Airspace 

Hguid sewage Partially digested 
liquid sewage flows 

Sludge to the second 


chamber 


’% inch per foot minimum, to drain 
into a dry well or a storm sewer (dis- 
cussed later). Typically, storm drain 
pipes are located at the perimeter of 
the house, where they collect runoff 
from the roof drainage system and 
can direct it by gravity to a catch basin 
or storm sewer. 


Perimeter Drains 


To prevent basement flooding or 
dampness in crawlspaces, a perimeter 
drain must be provided around the 
foundation. The perimeter drain is 
a 3- or 4inch perforated plastic pipe 
laid in a porous bed of gravel at the 
base of the building’s footing. The 
perforations in the pipe are posi- 


tioned at the bottom, so any water 
rising above this level will enter the 
pipe and flow by gravity away from 
the building (Figures 7.24 and 7.25). 
A filter fabric should be placed above 
the gravel to prevent small particles 
that might clog the pipes from enter- 
ing the system. Perimeter drains are 
discussed further in Chapter 8. 


Dry Well versus Storm 
Sewer 


Storm drains and perimeter drains 
need to dispose of the water they 
collect without causing erosion. In 
urban and suburban locations, the 
most common practice is to route 
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FIGURE 7.23 
A residential storm drain is designed to carry runoff from downspouts to a storm 4 Footing and foundation wall 
sewer or dry well. The drain pipe should slope continuously at % inch per foot or 
more. The two storm drains shown here are at the party wall of a duplex and drain in 
opposite directions. The continuous pipe against the foundation is a perimeter drain 
with perforations. (Photo by Rob Thallon) 


4" perforated drain tile 


FIGURE 7.24 

Perforations in a perimeter drain allow 
groundwater to enter the drain, in which 
it flows downhill and away from the 
house. The drain is designed to prevent 
water pressure from building up against a 
foundation wall. 


FIGURE 7.25 

Perimeter drainage is the key to a dry 
basement or crawlspace. Dampproofing 
of the foundation wall and the place- 
ment of gravel or a drainage mat against 
the wall above the drain will ensure that 
groundwater finds its way to the drain. 
(Photo by Edward Allen) 
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FIGURE 7.26 
The floor structure at the top of this foundation wall braces it against the horizontal 


pressure from the backfill. Backfilling before the floor framing is in place can cause 
cracking in the foundation wall unless the wall is braced by other means. (Photo by 


Edward Allen) 


the drains to a municipal storm sewer 
system, which channels the runoff to 
a nearby body of water. 

In rural settings, or on very large 
tracts of land within municipalities, 
storm and perimeter drains are often 
required to discharge into a dry well, 
which is essentially a large hole in the 
ground filled with rocks to prevent 
the sides from caving in. Runoff dis- 
charged into the dry well percolates 
into the ground. The design of dry 
wells is regulated by code, and their 
size and details are often specified by 
an engineer. In some cases, dry wells 
are not required, and runoff can be 
discharged to a surface swale, which is 
a holding area in a low part of the site 
from which runoff evaporates and 
seeps into the soil. 


GRADING 


The last phase of rough sitework in- 
volves backfiling and rough grading. 
Backfilling is the replacement around 
the foundation and into trenches of 


the soil and rock removed during ex- 
cavation. Rough grading is the smooth- 
ing and leveling of the site to a level 
just below that of the final finish grade. 


Backfilling 


Once the foundation, the utilities, 
and the drainage pipes are in place, 
backfilling can begin. There is an ad- 
vantage to backfilling as soon as pos- 
sible after the other rough sitework 
has been completed, because it allows 
workers and equipment to have unim- 
peded access to the entire site for the 
duration of construction. However, 
when foundation walls are tall, back- 
filling against them should be delayed 
until the first-floor framing is in place, 
because the framing is needed to 
brace the top of the wall (Figure 7.26). 

It is important to use the proper 
materials when backfilling. In most 
cases, an excavation may be backfilled 
with the same soil that was removed 
earlier. Backfilling with soil instead of 
gravel has two primary advantages: It 
is less expensive than backfilling with 


FIGURE 7.27 
Round-edged pea gravel will compact on 
its own and is often used under slabs. 


The round black object in the photo is 

a camera lens cap about 2 inches in di- 
ameter. Gravel with larger stones up to 4 
or 5 inches in diameter is often used for 
backfill where good drainage is required. 
(Photo by Greg Thomson) 


gravel, and it alleviates the need for 
disposing of the excavated soil. Soil 
that is used as backfill should always 
be free of organic material, which can 
attract termites and would eventually 
decompose and cause settlement. 
The primary disadvantage of backfill- 
ing with soil is that the soil must be 
compacted with a heavy vibrator or 
tamper to avoid settling, which can 
lead to structural, drainage, or visual 
problems. 

Using gravel as backfill can solve 
the problem of compaction because 
some kinds of gravel are self-compact- 
img, meaning that they have rounded 
edges and will naturally seek their 
lowest possible level, like marbles 
poured into a vessel (Figure 7.27). 
Gravel backfill also promotes drain- 
age around a foundation, which 
contributes to keeping basements and 
crawlspaces dry. The disadvantages of 
using gravel, compared to soil, are 
that it is expensive to purchase and it 
must be brought in from off-site and 
then moved to the location on the 
property where it is to be used. 


FIGURE 7.28 

A stone slinger is essentially a 
high-speed conveyor belt mounted 
to the rear of a gravel truck. It can 
be aimed to place gravel or soil in 
locations that are otherwise dif- 
ficult to access. In this case, gravel 
is being spread by the slinger while 
workers hand-smooth it and check 
its grade. (Photo by Rob Thallon) 
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FIGURE 7.29 

A utility trench may contain several different 
utilities, so long as they are separated at 
code-specified distances. The principle is to be able 
to dig up one line for service at a later date without 
disturbing the others. (Photo by Rob Thallon) 
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In some situations, especially in 
backfilling utility trenches under ei- 
ther roadways or floor slabs, settling 
can virtually be eliminated by backfill- 
ing with controlled low-strength material 
(CLSM), which is made from portland 
cement and/or fly ash (a byproduct 
of coal-burning power plants), sand, 
and water. CLSM, sometimes called 
“flowable fill,” is brought in concrete 
mixer trucks and poured into the ex- 
cavation, where it compacts and lev- 
els itself, then hardens into soil-like 
material. The strength of CLSM is 
matched to the situation: For a utility 
trench, for example, CLSM is propor- 
tioned so that it is weak enough to be 
excavated easily by ordinary digging 
equipment when the pipe needs ser- 
vicing, yet as strong as good-quality 
compacted backfill. CLSM has many 
other uses in and around foundations. 
It is often used to pour mud slabs, 
which are weak concrete slabs used to 
create a level, dry base in an irregular, 
wet excavation. The mud slab serves 
as a working surface for the reinforc- 
ing and pouring of a foundation mat 
or basement floor slab. CLSM is also 
used to replace pockets of unstable 
soil that may be encountered beneath 
a substructure, and it may be used 
to create a stable volume of backfill 
around a basement wall. 

Backfilling utility trenches is a 
fairly straightforward process. Once 
the pipe(s) and/or wire(s) are cov- 
ered with a protective layer of backfill 
without rocks (preferably sand), the 
ditch merely needs to be filled to the 
top with more backfill. If several utili- 
ties are located in the same trench, 
the building codes require them to 
be separated at specified minimum 
distances (Figure 7.29). If soil is used 
as the backfill material, it will need to 
be compacted in lifts—especially if it 
passes under a driveway, terrace, or 
any other paved surface. Otherwise, 
it will settle, causing the paved sur- 
face to crack or distort. 

It is important to protect foun- 
dation walls or retaining walls from 
damage during the backfilling pro- 
cess. Foundations are likely to have 


FIGURE 7.30 
Gravel will be carefully placed (by hand) against the insulation installed on this 
foundation wall. The waterproofing layer beneath the insulation is protected by the 


insulation itself. The gravel protects the insulation from damage by soil backfill. 


(Courtesy of National Concrete Masonry Association) 


waterproofing and/or rigid insula- 
tion applied to the exterior (Figure 
7.30). Special care must be taken not 
to damage these or the foundation 
itself with backfilling equipment. Pro- 
tection board is a layer of material that 
physically protects the foundation 
from damage by backfill. 


Rough Grading 


Rough grading is the smoothing of 
the surface of the site in preparation 
for the finish sitework that will take 
place later. The surface of the ground 
should be sloped away from the 
house to promote drainage. The level 
of rough grading is usually about 6 
inches below the ultimate finish grade 
to allow for the addition of topsoil 
and various paved surfaces. Placing 
base gravel for the driveway is usually 
included as a part of rough grading, 
because it will provide a solid surface 
for delivery vehicles, which will help 
to compact it. 


GREEN PRACTICES FOR 
ROUGH SITEWORK 


The treatment of the site before and 
during construction is extremely im- 
portant for both the health of the 
site itself and the cumulative impact 
that site decisions will have across the 
continent. There are approximately 
400,000 acres of North American land 
impacted by residential construction 
each year, so the environmental im- 
pact is great, and the attention paid 
to green principles will make a big 
difference. 

Probably the greatest differences 
that environmentally conscious de- 
signers and builders can have on a 
site occur before construction begins. 
In the design phase, it is important 
to site the building(s) sensitively with 
the least disruption of native plants, to 
respect and accommodate the natural 
flow of surface water, and to cover as 
little ground with paving as possible. 


FIGURE 7.31 

The footings for these urban cottages 
nestled among oak trees were excavated 
by hand. The method caused minimal 
damage to the site, including the delicate 
tree roots, and the cost of labor fora 
few eager high school boys was signifi- 
cantly less than that for a backhoe with 
operator. (Photo by Dee Etzwiler) 


Engaging the services of a landscape 
architect early in the process to incor- 
porate best practices will usually pay 
for itself in the long run. Hiring a sur- 
vey team that strives to minimize sur- 
vey damage can save vegetation and 
limit costly site repairs. 

In planning for construction, it is 
important to protect healthy sites and 
minimize necessary disruption. Sites 
should never be cleared or leveled 
before the building is designed just 
to understand the site potential. 
When the site is cleared for build- 
ing, machinery should be as small 
as is practical in order to avoid un- 
necessary damage. Healthy trees and 
other vegetation should be protected 
with clearly visible fencing that corre- 
sponds to areas marked on the build- 
ing plans. At the beginning of excava- 
tion, topsoil should be scraped from 
the surface and stockpiled for reuse 
as backfill. Cutting of the ground for 
foundations and roadways should be 
planned carefully and minimized to 
avoid unnecessary disruption Utili- 
ties, when present, should be located 
carefully to avoid damage that is both 
costly and consumptive of materials. 

During construction of the foun- 
dation and utility and drainage sys- 
tems, a conservative attitude of mini- 
mal disruption can save time and 
money and promote a healthier site 
Figure 7.31). Erosion control is man- 
dated by most building departments 
but should be employed in any case. 
Staging and stockpiling of materials 
and parking of construction vehicles 
should be carefully orchestrated to 
minimize unnecessary plant damage 


and compaction of soils. Mixing of 
construction materials should be 
controlled to eliminate pollution 
of groundwater. Trenching should 


C.S.1./C.8.C. 
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be minimized, and trenches should 
be as narrow as possible and with as 
many utilities in the same trench as 
are allowed by code. 


MasterFormat Section Numbers for Rough Sitework 


01 50 00 
01 50 00 
01 52 00 
01 56 00 
26 21 00 
31 00 00 
31 10 00 
31 22 00 
31 23 00 
31 25 00 
33 20 00 
33 30 00 
33 36 00 
33 46 00 


Site Clearing 
Grading 


Wells 


Subdrainage 


TEMPORARY FACILITIES AND CONTROLS 
Temporary Utilities 

Construction Facilities 

Temporary Barriers and Enclosures 


Low-Voltage Electrical Transmission 


EARTHWORK 


Excavation and Fill 


Erosion and Sedimentation Controls 


Sanitary Sewerage 


Utility Septic Tanks 
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1. Colley, B. C. Practical Manual of Site De- 
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Written from a civil engineering perspec- 
tive, this book explains the process of site 
development in lay terms. Chapters on 
site analysis, earthwork, streets, sanitary 


Key TERMs AND CONCEPTS 


rough sitework 
zoning ordinance 
setback 

site utilities 
municipal sewer 
septic system 
potable water 
storm drainage 
property line 
licensed surveyor 
staking out 
batter board 
builder’s level 
excavation 
benchmark 

laser level 
surveyor’s rod 
story pole 
compacted fill 
lift 


REVIEW QUESTIONS 


1. What actions does the contractor typi- 
cally perform at a site before excavation 
proceeds? 

2. What are the principal differences be- 
tween the development of an urban site 
and the development of a rural site? 


sewers, storm drainage, and water supply 
are illustrated primarily with large-scale 
examples. 

2. Landphair, Harlow C., and Klatt, Fred. 
Landscape Architecture Construction. Upper 
Saddle River, NJ: Prentice Hall, 1999. 


temporary utilities 
high-voltage line 
transformer 

main service cable 
municipal water supply 
water main 

cased well 

submersible electric pump 
pressure tank 
municipal sewer 
building sewer 

test pit 

septic permit 
percolation test 

septic approval 

septic tank 

drain field 

distribution box 

leach line 

effluent 


3. Describe the utilities that are typi- 
cally provided on a temporary basis at a 
residential construction site. Explain the 
need for these temporary utilities. 


4. List and describe the extra components 
required for a septic system when it must 


Contains a detailed discussion of basic 
surveying, grading, storm water manage- 
ment, and erosion control as well as finish 
sitework topics discussed in Chapter 21 of 
this book. 


sand filter system 

dosing tank 

natural gas 

propane 

erosion control plan 

storm water 

storm drain 

perimeter drain 

filter fabric 

storm sewer 

dry well 

swale 

backfill 

rough grading 

selfcompacting fill 

controlled low-strength material 
(CLSM) 

mud slab 

protection board 

finish grade 


be located at an elevation higher than the 
house. 


5. Explain the difference between a storm 
drain and a perimeter drain. 


EXERCISES 


1. Find an undeveloped lot in your neigh- 
borhood and locate a hypothetical house 
on it. Draw a site plan that contains all 
information essential to a contractor for 
the development of the site. Locate the 
building (s), the utilities, the driveway and 
walk, and any other site features that will 


be constructed. Make an estimate of exist- 
ing site elevations and use this informa- 
tion to provide floor levels, footing eleva- 
tions, and other important information 
about vertical relationships. 


2. Describe the development of the lot 
discussed in the preceding exercise to 
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the point of backfilling against a newly 
poured foundation wall. 


3. Document the process of site develop- 
ment for a local residential construction 
project. Photos taken from the same 
place(s) on subsequent days can illustrate 
the process clearly. 


e Foundation Loads 
e Foundation Settlement 


e Soils 


Types of Soils 
Properties of Soils 


¢ Designing Foundations 


¢ Footings 
Constructing the Footings 


e Concrete Foundation Walls 


Casting Concrete Foundation Walls 


¢ Concrete Masonry 
Foundation Walls 


Constructing a Concrete Masonry 
Foundation Wall 


e Concrete Slab Foundations 


Forming and Preparing a Slab 
on Grade 


Pouring and Finishing the Slab 
on Grade 


Posttensioned Slabs on Grade 


FOUNDATIONS 


e Wood Foundations 


e Precast Concrete 
Foundations 


e Anchor Bolts and 
Hold-downs 


¢ Drainage and Waterproofing 


e Foundation Insulation 


Basement Insulation 

Crawlspace Insulation 
Slab-on-Grade Insulation 

Shallow Frost-Protected Foundations 


¢ Backfilling 


¢ Foundation Design and 
the Building Codes 


191 


192 


The function of a foundation is to transfer the structural loads 
from a building safely into the ground. Every building needs 

a foundation of some kind. A backyard toolshed will not be 
damaged by slight movements of its foundation and may need 
only wooden skids to spread its load across an area of the surface 
of the ground sufficient to support its weight. A house needs 


the unstable surface to underlying soil that is free of organic 
matter and unreachable by winter frost. The basic requirement of 
a residential foundation is to provide a permanent base for the 
building so that it does not settle in a way that might damage the 
structure or impair its function. 

Foundations for light framing were originally made of stone 
or brick masonry. Today, in most cases, they are made of site-cast 
concrete or concrete masonry. Early concrete foundations were 
designed principally to support the building, and they were gener- 
ally a great improvement over their predecessors. However, little 
attention was paid in the formative years of foundation design to 
drainage, waterproofing, or insulation—resulting in several gener- 
ations’ worth of damp crawlspaces; cold, wet basements; and cold 
floors. Now it is understood that a foundation wall of any material 
needs to be carefully dampproofed and drained to avoid flooding 
with groundwater and to prevent the buildup of water pressure 
in the surrounding soil that could cause it to cave in (Figure 8.6). 
Likewise, concrete and concrete block foundations are highly 
conductive of heat and, when they enclose a habitable basement 
space, must be insulated to meet code requirements concerning 
energy conservation (Figures 8.28 and 8.36). 


FOUNDATION LOADS 


A foundation supports many differ- 
ent kinds of loads: 


Z~\ 
| | 
| | 


e The dead load of the building, 
which is the sum of the weights of 
the frame; the floors, roofs, and walls; 
the electrical and mechanical equip- 
ment; and the foundation itself 

e The live load, which is the sum of 


the weights of the people in the build- 
ing; the furnishings and equipment 


greater stability than a toolshed, so its foundation reaches through 


¢ Horizontal pressures of earth and 
water against basement walls 


e During earthquakes, horizontal 
and vertical forces caused by the mo- 
tion of the ground relative to the 
building 


FOUNDATION 
SETTLEMENT 


All foundations settle to some extent 
as the soil around and beneath them 
adjusts itself to these loads. Founda- 
tions on bedrock settle a negligible 
amount. Foundations on certain 
types of clay may settle to an alarm- 
ing degree. Foundation setthement 
in most buildings is measured in 
millimeters or fractions of inches. 
If settkement occurs at roughly the 
same rate from one side of the build- 
ing to the other (uniform settlement), 
no harm is likely to be done to the 
building. However, if large amounts 
of differential settlement occur, in which 
the various columns and loadbearing 
walls of the building settle by substan- 
tially different amounts, the frame of 
the building may become distorted, 
floors may slope, walls and glass may 
crack, and doors and windows may 
refuse to work properly (Figure 8.1). 


they use; and snow, ice, and water on NO SETTLEMENT TOTAL DIFFERENTIAL 
fhewout SETTLEMENT SETTLEMENT 
¢ Wind loads, which can apply lateral, Figure 8.1 


downward, and uplift forces to a 
foundation 


Uniform settlement is usually of little consequence in a building, but differential 
settlement can cause severe structural damage. 


Accordingly, a primary objective 
in foundation design is to minimize 
differential settlement by loading the 
soilin such away that equal settlement 
occurs under the various parts of the 
building. This is not difficult when all 
parts of the building rest on the same 
kind of soil. It can become a problem, 
however, when a building occupies a 
piece of ground that is underlain by 
two or more areas of different types 
of soil with very different loadbearing 
capacities such as original soil adja- 
cent to a filled area. Most foundation 
failures are attributable to excessive 
differential settlement. Gross failure 
of a foundation, in which the soil fails 
completely to support the building, is 
extremely rare. 


SOILS 


Types of Soils 


Soil is a general term referring to 
earth material that is particulate. The 
following distinctions may be helpful 
in acquiring an initial understanding 
of how soils are classified for engi- 
neering purposes: 


e Rock is a continuous mass of solid 
mineral material, such as granite 
or limestone, which can only be 
removed by drilling and blasting. 
Rock is not completely monolithic, 
but is crossed by a system of joints 
that divide it into irregular blocks. 
Despite these joints, rock is gener- 
ally the strongest and most stable 
material on which a building can be 
founded. 


© Gravel consists of particles that can 
be lifted easily with thumb and fore- 
finger. In the Unified Soil Classifica- 
tion System (Figure 8.2), gravels are 
classified visually as having more than 
half of their particles larger than 0.25 
inch (6.5 mm) in diameter. 


e Sand is made up of individual 
particles that can be seen but are 
too small to be picked up individu- 
ally. Sand particles range in size from 
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FIGURE 8.2 


Group 

Symbols Typical Names 

GW Well-graded gravels, gravel-sand mixtures, 
little or no fines 

GP Poorly graded gravels, gravel-sand 
mixtures, little or no fines 

GM Silty gravels, poorly graded 
gravel-sand-silt mixtures 

GC Clayey gravels, poorly graded 
gravel-sand-clay mixtures 

SW Well-graded sands, gravelly sands, 
little or no fines 

SP Poorly graded sands, gravelly sands, 
little or no fines 

SM Silty sands, poorly graded 
sand-silt mixtures 

SC Clayey sands, poorly graded 
sand-clay mixtures 

ML Inorganic silts and very fine sands, rock 
flour, silty or clayey fine sands with 
plasticity 

CL Inorganic clays of low to medium plasticity, 
gravelly clays, sandy clays, silty clays, lean 
clays 

OL Organic silts and organic silty clays of 
low plasticity 

MH Inorganic silts, micaceous or diatomaceous 
fine sandy or silty soils, elastic silts 

CH Inorganic clays of high plasticity, fat clays 

OH Organic clays of medium to high plasticity 

Pt Peat and other highly organic soils 


A soil classification chart based on the Unified Soil Classification System. The group 


symbols are a universal set of abbreviations for soil types, as used in code tables such 


as Figure 8.4. 
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FIGURE 8.3 

Silt particles (top) are approximately 
equidimensional granules, while clay 
particles (bottom) are platelike and gen- 
erally much smaller than silt. Notice that 
the clay particles here are much smaller 
than the silt particles; a circular area 

of clay particles has been magnified to 
make their structure easier to see. 


about 0.25 to 0.002 inch (6.5 to 0.06 
mm). Sand and gravel are considered 
to be coarse-grained soils. 


e Silt particles are approximately 
equidimensional and range in size 
from 0.002 to 0.00008 inch (0.06 
to 0.002 mm). Because of their low 
surface-area-to-volume ratio, which 
approximates that of sand and gravel, 
the behavior of silt is controlled by 
the same mass forces that control the 
behavior of the coarse-grained soils. 


¢ Clay particles are plate shaped 
rather than equidimensional (Figure 
8.3) and smaller than silt particles, 
less than 0.00008 inch (0.002 mm). 
Clay particles, because of their small- 
er size and flatter shape, have a sur- 
face-area-to-volume ratio hundreds 
or thousands of times greater than 


that of silt. The volume of the pores 
and the amount of water in the pores 
greatly influence the properties of a 
clay soil, which tends to be expansive 
(e.g., it expands and contracts with a 
change in moisture content). 


© Organic soils such as peat and top- 
soil are not suitable for the support 
of building foundations. Because of 
their high content of organic matter, 
they are spongy and compress easily, 
and their properties can change over 
time due to changing water content 
or biological activity in the soil. 


Properties of Soils 


A building site is usually underlain 
by a number of superimposed layers 
(strata) of different soils. These strata 
were deposited one after another in 
very ancient times by volcanic action 
and by the action of water, wind, and 
ice. Most of the soils in these strata 
are mixtures of several different sizes 
and types of particles and bear such 
names as “silty gravels,” “gravelly 
sands,” “clayey sands,” “silty clays,” 
and so on (Figure 8.2). The distribu- 
tion of particle sizes and types in a soil 
is important to know when designing 
a foundation because it is helpful in 
predicting the loadbearing capacity 
of the soil, its stability, and its drain- 
age characteristics. Figure 8.4 gives 


some typical ranges of loadbearing ca- 
pacities for various types of soil. Soils 
in most regions in the United States 
have been classified and mapped by 
the Natural Resource Conservation 
Service and those in Canada by the 
Canadian Soil Information Service 
(CANSIS). Information on the soil 
type for a given building site can usu- 
ally be found by contacting the local 
offices of these agencies. 

The stability of a soil is its ability to 
retain its engineering properties under 
the varying conditions that may occur 
during the lifetime of the building. 
Rock, gravels, sands, and many silts 
tend to be stable soils. Many clays are di- 
mensionally unstable under changing 
subsurface moisture conditions. Clay 
may swell considerably as it absorbs 
water and shrink as it dries. When wet 
clay is put under pressure, water can be 
squeezed out of it, with a correspond- 
ing reduction in volume. Taken togeth- 
er, these properties make clays that are 
subject to changes in water content the 
least stable and least predictable soils 
for supporting buildings. 

The drainage characteristics of a soil 
are important in predicting how water 
will flow on and under building sites 
and around building substructures. 
Water passes readily through clean 
gravels and sands, slowly through very 
fine silts and sands, and almost not at 


Presumptive Loadbearing Values of Foundation Materials 


Class of Material 
Crystalline bedrock 
Sedimentary and foliated rock 


Sandy gravel and/or gravel 
(GW and GP) 


Sand, silty sand, clayey sand, silty gravel, and 
clayey gravel (SW, SP, SM, SC, GM, and GC) 


Clay, sandy clay, silty clay, clayey silt, 


silt, and sandy silt (CL, ML, MH, and CH) 


For SI: 1 pound per square foot = 0.0479 kN/m?. 


FIGURE 8.4 


Loadbearing Pressure 
(pounds per square foot) 
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Presumptive loadbearing values of various soil types as allowed by the 2009 Interna- 


tional Residential Code (IRC). 


all through many clays. The drainage 
characteristics of a soil can affect the 
foundation construction process by 
dictating which seasons are suitable 
for excavation and construction. Soil 
drainage can affect foundation de- 
sign by requiring more or less gravel 
fill to promote proper foundation 
drainage. 


DESIGNING FOUNDATIONS 


Foundation design involves many 
decisions that depend on numerous 
variables at a range of scales. The most 
fundamental decision of whether 
to employ a slab, a crawlspace, or a 
basement foundation (Figure 8.5) 


SLAB ON GRADE 


CRAWLSPACE 


BASEMENT 


FIGURE 8.5 

Three types of substructures using 
simple wall footings. The slab on grade 
is most economical under many circum- 
stances, especially where the water table 
lies near the surface of the ground. A 
crawlspace is often used under a floor 
structure of wood or steel and gives 
much better access to underfloor piping 
and wiring than a slab on grade. A 
basement is often specified on a steep 
slope or in regions where the frost line 
requires deep footings. 


depends on such things as soil type, 
site contours, spatial needs, and local 
construction costs. The choice of ma- 
terials depends partially on aesthetic 
considerations, labor costs, and insu- 
lation methods. Designers must con- 
sider all of these factors together be- 
fore determining the final form and 
shape of the foundation. The typical 
basement foundation shown in Fig- 
ure 8.6 illustrates the general areas 
that require consideration. 

Residential foundation design is 
usually relatively simple from an engi- 
neering standpoint because founda- 
tion loads are low compared to those 
of large, multistory buildings. The 
uncertainties that do exist in founda- 
tion design at the scale of a house can 
usually be reduced with reasonable 
economy by adopting a large factor 
of safety in calculating the bearing 
capacity of the soil. Unless the de- 
signer has reason to suspect poor soil 
conditions, residential foundations 
are usually designed using rule-of- 
thumb allowable soil stresses and stan- 
dardized proportions for the footings 
(the base of the foundation) (Figure 
8.4). The designer then examines the 
actual soil when the excavations have 
been made. If it is not of the quality 
that was expected, the footings can 
be hastily redesigned using a revised 
estimate of the bearing capacity of the 
soil before construction continues. If 
unexpected groundwater is encoun- 
tered, better drainage provisions may 
have to be provided around the foun- 
dation or the depth of the founda- 
tion may have to be decreased. 

The design of the foundation is 
influenced as much by the building 
above as it is by the soil type below. 
Tables found in the code specify foot- 
ing size by whether the foundation 
will support a one-, two-, or three- 
story house (Figure 8.7). The overall 
size of the foundation is coordinated 
with the dimensions of the framing 
(often laid out on a 2-foot module to 
use standard lumber sizes efficiently). 
Knowing that foundation construc- 
tion is expensive relative to wood 
framing, the designer will simplify 
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the foundation as much as possible. 
For example, small projections in the 
floor plan may be framed with wood 
over a simple, straight foundation 
wall. 

Both crawlspace and basement 
walls may be designed using tables 
in the code. The tables take into ac- 
count the wall thickness, wall height, 
wall reinforcement, backfill height, 
and soil type (Figure 8.8). A licensed 
architect or engineer must be em- 
ployed to design walls that exceed 
the minima prescribed in the tables. 
The typical residential concrete or 
concrete masonry foundation wall 
is 8 inches (200 mm) thick and is 
reinforced with #4 reinforcing steel 
bar (rebar) at 48 inches (1.2 m) on 
center in both directions. Walls on 
extremely stable soil may be thinner 
(6 inches) and require no rebar. Tall- 
er than normal walls on normal soil 
generally are thicker and have more 
rebar or rebar of larger diameter. 

Knowing that most residential 
foundations are made of either site- 
cast concrete or concrete block, 
the residential designer must often 
choose between the two. Both are 
very similar in terms of durability, 
strength, and appearance, so some 
designers leave their options open 
until after the bidding process. The 
principal differences are as follows: 


e A concrete foundation can be 
made to any dimension, whereas 
block is practically limited to the 
module of a masonry unit (8 inches) 
in both horizontal and vertical di- 
mensions. 


e Aconcrete foundation uses form- 
work, whereas a block foundation 
does not. The lack of formwork can 
be a significant advantage in terms of 
time and cost, especially where the 
configuration of the foundation is 
complicated. 


e A concrete foundation has a 
smooth finish surface, whereas block 
has a built-in pattern. A concrete 
masonry foundation can have an at- 
tractive, stonelike texture if split-face 
block is used. 
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L-shaped anchor bolts are 
inserted into the wet 
concrete every 6’ to 8’ (2m 
to 2.5m) 


Most residential 
foundations are made 
without reinforcing, but 
the addition of 2 #6 steel 
bars top and bottom is 
good practice to prevent 
cracking of the concrete 
The bars are supported by 
the form ties prior to 
pouring 


(a) TOP OF FOUNDATION WALL 


An asphaltic dampproof 
coating is applied to the 
outside of the concrete 
after the forms are 
removed to prevent water 
penetration from the soil 
outside 


Interior steel pipe 
columns are placed 
before the floor slab is 
poured or wooden columns 
are installed after the slab 


Soil is backfilled against 
is poured 


the foundation only after 
the first-floor framing is in 
place to help resist the 
lateral pressure of the soil 


A perimeter drain of 
perforated pipe in coarse 
crushed stone prevents 
groundwater from rising 
above the slab level and 
flooding the basement 


<= 


Dy 
A A fibrous joint filler strip 
— at the perimeter of the 
slab, and a thin layer of 
sand between the slab 
and footing, allow for 
some expansion and 
contraction in the slab. 
These are often omitted in 
residential construction, 
however 


The floor slab is 3" to 4" 
(75mm to 100 mm) thick, 
reinforced with wire 

mesh. It is poured over a 
plastic moisture barrier 
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A 4" (100mm) layer of (c) INTERIOR FOOTING 
crushed stone gives a 

level, well-drained base 

for the slab 
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(b) PERIMETER FOOTING 


A 2x4 (38mm X 89 mm) key 
locks the wails to the 
footings 


FIGURE 8.6 
Typical details for a poured concrete basement foundation. A concrete masonry unit (CMU) foundation would be much 
the same except that there would be no key in the footing. A crawlspace foundation has shorter walls and does not 


require a slab. 


Minimum Width of Concrete or Masonry Footings (inches) 
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Loadbearing Value of Soil (psf) 


1500 2000 2500 3000 3500 4000 
Conventional light frame construction 
1-story 16 12 10 8 7 6 
2-story 19 15 12 10 8 7 
3-story 22 17 14 11 10 9 
FIGURE 8.7 


This table from the International Residential Code relates building weight (estimates derived from construction type and number 
of stories) to soil type. 


Reinforced Concrete and Masonry Foundation Walls 


Minimum Vertical Reinforcement Size and Spacing 


for 8-inch Nominal Wall Thickness 


Soil Classes 


Maximum Wall Maximum Unbalanced GW, GP, SW, GM, GC, SM, SM-SC, SC, MH, ML-CL, 
Height (feet) Backfill Height (feet) and SP Soils and ML Soils and Inorganic CL Soils 
6 5 #4 at 48" o.c. #4 at 48" o.c. #4 at 48" o.¢. 
6 #4 at 48" o.c. #4 at 40" o.c. #5 at 48" o.c. 
7 4 #4 at 48" o.c. #4 at 48" o.c. #4 at 48" o.c. 
5 #4 at 48" o.c. #4 at 48" o.c. #4 at 40" o.c. 
6 #4 at 48" o.c. #5 at 48" o.c. #5 at 40" o.c. 
7 #4 at 40" o.c. #5 at 40" o.c. #6 at 48" o.c. 
8 5 #4 at 48" o.c. #4 at 48" o.c. #4 at 40" o.c. 
6 #4 at 48" o.c. #5 at 48" o.c. #5 at 40" o.c. 
ri #5 at 48" o.c. #6 at 48" o.c. #6 at 40" o.c. 
8 #5 at 40" o.c. #6 at 40" o.c. #6 at 24" o.c. 
9 5 #4 at 48" o.c. #4 at 48" o.c. #5 at 48" o.c. 
6 #4 at 48" o.c. #5 at 48" o.c. #6 at 48" o.c. 
7. #5 at 48" o.c. #6 at 48" o.c. #6 at 32" o.c. 
8 #5 at 40" ou.c. #6 at 32" o.c. #6 at 24" o.c. 
9 #6 at 40" o.c. #6 at 24" o.c. #6 at 16" o.c. 


For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm. 


FIGURE 8.8 


In this International Residential Code table, basement wall strength is related to the lateral load on the wall as determined by the 


height of the backfill and the soil type. 
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FOOTINGS 


A footing is a wide element at the base 
of a foundation that is designed to dis- 
tribute building loads over the surface 
of the soil. A column footing is a square 
(or circular) block of concrete, with 
or without steel reinforcing, that ac- 
cepts the concentrated load placed 
on it from above by a building col- 
umn and spreads this load across an 
area of soil large enough that the al- 
lowable bearing stress of the soil is not 


WALL FOOTING 


COLUMN FOOTING 


FIGURE 8.9 

A column footing and wall (strip) footing 
of concrete. The steel reinforcing bars 
have been omitted for clarity. 


exceeded. A wall footing or strip footing 
is a continuous strip of concrete that 
serves the same function for a load- 
bearing wall (Figure 8.9). 

To minimize settlement, footings 
are placed on undisturbed soil. The 
last inches of soil in the excavation 
for a footing are often removed with 
hand tools to avoid the loosening of 
the bearing layer of soil that would be 
caused by digging machinery. Also, to 
eliminate heaving, an upward thrust- 
ing of the foundation that results from 
the expansion of soil when it freezes, 
footings are constructed with their 
base below the /rost line, the depth to 
which soil might be expected to freeze 
during a severe winter. The frost line 
depths for all regions of North Ameri- 
ca are specified in the code. 

When soil is very poor or ir 
regular, adequate bearing for foot- 
ings may be achieved in a number 
of ways. Some buildings are built on 
engineered fill, which is earth that has 
been deposited in thin layers across 
an entire building site at a controlled 
moisture content and compacted in 
accordance with detailed procedures 
that ensure a known degree of long- 
term stability. Compacted gravel fill also 
may be distributed under an entire 
building or more locally under each 
footing. Alternatively, controlled low- 
strength material (CLSM), a self-leveling 
mix of fly ash, cement, and sand, also 
called “flowable fill” or “controlled- 
density fill,” may be used to stabilize 
questionable soils. This material is 
pumped into overexcavated trenches 
where it hardens to a consistency such 
that it can be excavated by a backhoe 
but not by a shovel. 

Even when all reasonable efforts 
have been made to ensure that the 
soil will provide an adequate bearing 
surface, it is prudent in many cases 
to place rebar in the footing to mini- 
mize the effects of potential differ- 
ential settlement. The codes do not 
require rebar in most cases, but when 
it is required, the standard is to have 
two #4 bars running longitudinally in 
each footing. If the footing needs to 
extend farther than twice the width 


Foundation 
wall 


Concrete 
footing 


FIGURE 8.10 

A simple footing and foundation wall. 

In most cases, the wall is centered on the 
footing. 


of the wall it supports to achieve the 
necessary bearing area, additional re- 
inforcing that runs across the width 
of the footing is generally required. 
Footings appear in many forms 
in different foundation systems. In cli- 
mates with little or no ground frost, a 
concrete slab on grade with thickened 
edges is the least expensive founda- 
tion and floor system and is applicable 
to one- and two-story buildings of any 
type of construction. For floors raised 
above the ground, either over a crawl- 
space or a basement, concrete strip 
footings support concrete or masonry 
foundation walls (Figure 8.10). When 
building on slopes, it is often neces- 
sary to step the footings to maintain 
the required depth of footing at all 
points around the building (Figure 
8.11). If soil conditions, steep slopes, 
or earthquake precautions require it, 
column footings may be linked togeth- 
er as a reinforced concrete tie beam 
to avoid possible differential slippage 
between footings (Figure 8.1). 


Constructing the Footings 


Footings are laid out at the site by the 
foundation subcontractor, using the 
same batter boards used by the exca- 
vator (Figure 7.2). The elevation at 
the top of the footing is determined 
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COLUMN FOUNDATION 


FIGURE 8.11 

Foundations on sloping sites, viewed 

in a cross section through the building. 
The broken line indicates the outline 

of the superstructure. Wall footings 

are stepped to provide a level bearing 
surface between footing and soil and to 
maintain the necessary distance between 
the bottom of the footing and the 
surface of the ground. Separate column 
foundations are often connected with 
reinforced concrete tie beams to reduce 
differential movement between the 
columns. 


FIGURE 8.12 
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Forms for footings on a sloped site showing steps in the footing to accommodate the 
change in grade. The forms have not yet been staked to the ground. (Photo by Rob Thallon) 
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FIGURE 8.13 


Concrete will be poured to the top of the form boards, completely filling the space be- 
tween them and encasing the rebar to make a strong footing. This example happens to 
be formed on engineered gravel fill. In most cases, footings are placed on undisturbed 


soil. (Photo by Rob Thallon) 


from the same benchmark used for 
excavation. The sides of the footings 
are formed with boards (usually 2 x 
8s) staked to the ground with wood or 
metal stakes. With the forms in place, 
the horizontal reinforcing steel, if 
any, is roughly positioned between 


them. The two sides of the forms are 
then tied with scraps of wood nailed 
across the top, and the rebar is sup- 
ported with wire tied to these ties 
(Figure 8.13). 

At this stage, the building inspec- 
tor must verify that the loadbearing 
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FIGURE 8.14 

The forms have been stripped, and these footings are ready to receive their walls. The 
projecting rebar dowels will tie the foundation wall to the footing. A key in the footing 
can also be used to tie a concrete foundation wall and footing. The grade beam at the 
interior of the building replaces individual column footings. (Photo by Rob Thallon) 


(a) | (5) 


FIGURE 8.15 


soil is adequate, the footings have 
been properly sized, and the rebar 
has been positioned correctly. Follow- 
ing this inspection, the concrete can 
be poured into the forms to create 
the footings. Depending on the site, 
the concrete can flow directly from 
the truck chute, it can be moved with 
wheelbarrows, or it can be pumped 
using a concrete pumper. After pour- 
ing, the top of the footing is straight- 
edged. No further finishing opera- 
tions are required (Figure 8.14). The 
footing is left to cure for at least a day 
before the wall forms are erected. 

To connect the footing mechani- 
cally to the foundation wall that will 
later be built on top of it, there are 
two basic strategies. The less expen- 
sive one is to form a groove, called 
a key, in the top of the footing with 
strips of wood that are temporarily 


Large multifamily buildings, because they have a larger footprint and are heavier, require stronger foundations than do single- 


family residences. (a) The foundation for this four-story hotel started with driving pairs of wooden piles into the ground. The piles 
will ultimately bear the weight of the building. (b) The piles are organized along primary structural lines that will be united with a 
concrete and rebar grade beam. The piles in the foreground have been cut to length and are ready for formwork to be placed over 


them. (Photos by Rob Thallon) 


The formwork panels are 
held together by steel tie 
rods that pass through the 


te. After the forms 


mortar. 


FIGURE 8.16 


Pockets are provided for 
stee] beams.— 
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After excavation, concrete footings are 
poured to spread the load of the 
building across the surface of the soil 
and to make a level surface on which 
the wall forms can be placed 


The wall forms are located using lines 
stretched across the marks on the 
batter boards. Marks are made inside 
the forms to indicate the level to which 
the concrete will be poured. 


A typical excavation and basement foundation. A shorter crawlspace foundation is constructed in the same fashion. The letters 
A, B, and Cindicate portions of the foundation that are detailed in Figure 8.6. 


embedded in the wet concrete. When 
more strength is required in the con- 
nection, vertically projecting dowels 
of steel reinforcing bars are installed 
in the footing just after it has been 
straightedged. These tie the footing 
structurally to the foundation wall. 
If vertical reinforcing bars are used 
to reinforce the wall, they are over- 
lapped with these projecting bars 
and tied to them with wire before the 
formwork for the wall has been com- 
pleted. 


CONCRETE FOUNDATION 
WALLS 


Concrete foundation walls are cast in 
place on top of the poured concrete 
strip footings by the same subcon- 
tractor who constructs the footings. 


Typically, the concrete foundation 
follows the perimeter of the build- 
ing and the garage, but in a large or 
complex house, foundation walls may 
also be located under some interior 
walls. Concrete foundation walls are 
very strong and durable, and the wet 
concrete with which they are made is 
fluid, so they can be formed and cast 
into any size or shape. 


Casting Concrete 
Foundation Walls 


The first step in building the founda- 
tion walls is to assemble the tempo- 
rary wall forms into which the con- 
crete will be poured (Figures 8.17 and 
8.18). These forms are reusable pan- 
els of plywood or metal that should 
be placed on top of the completed 
footing. Wall forms may be custom 


built of lumber and plywood for each 
job, but it is more common for stan- 
dard prefabricated formwork panels 
to be employed. The panels for one 
side of the form are coated with a 
Jorm-release compound, set on the foot- 
ing, aligned carefully, and braced. At 
this time, preformed plastic crawl- 
space vents, if any, are attached to the 
forms, and other openings in the wall 
such as windows or access doors are 
blocked out with site-built or specially 
manufactured forms attached to the 
formwork panels. 

If the foundation walls are to be 
reinforced, the steel reinforcing is 
installed next, with the bars wired to 
one another at the intersections. The 
vertical bars overlap corresponding 
dowels projecting from the footing, 
when they exist. At wall corners, L- 
shaped horizontal bars are installed 
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Wood frame form 


Concrete strip footing 


FIGURE 8.17 
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Formwork and reinforcing for a concrete foundation wall. 


to maintain full structural continuity 
between the two walls. 

The amount of rebar and its lo- 
cation are determined by soil condi- 
tions, by the height and length of the 
foundation wall, and by the amount 
of backfill to be placed against the 
wall. In ideal conditions, there may 
be no need for any reinforcement in 
either footing or foundation wall. In 
extreme conditions, reinforcement 
may be called for in both footing and 
wall. Codes specify reinforcement 
requirements for simple buildings 
(Figure 8.8), but for complex build- 
ings or situations not covered in code 
tables, an engineer is consulted to 
specify the size and location of rein- 
forcing steel. 

When the first side of the forms is 
in place and the reinforcing has been 
installed, the formwork for the second 


side of the wall is erected. These sec- 
ond-side forms need to be exactly 
parallel to the forms on the first side 
and need to be tied to them. The form 
ties are a critical part of the formwork 
because they must hold the formwork 
together under the pressure of the 
wet, heavy concrete. For short walls, 
the ties may be simple metal straps 
nailed to the base of the forms and 
wood straps at the top. However, for 
tall walls, in which the pressure of wet 
concrete is considerably greater, ties 
made of specially shaped steel rods 
are inserted through holes provided 
in the formwork panels and secured 
to the outside faces of the form by 
devices supplied with the form ties. 
Both ties and fasteners vary in detail 
from one manufacturer to another 
(Figure 8.19). The ties pass straight 
through the concrete wall from one 


FIGURE 8.18 
Formwork and reinforcing for a residen- 


tial foundation wall. Vertical rebar pro- 
jecting from the footing has been wired 
to bars that extend nearly to the top of 
the foundation wall. Horizontal rebar has 
been wired in place, and forms on one 
side of the wall have been placed. There 
is a line on the forms that marks the level 
to which the concrete will be poured. 
(Photo by Rob Thallon) 


side to another and will remain in the 
wall after it is poured. 

With reinforcing steel, blocked- 
out openings, and ties in place, the 
forms are checked to be sure that 
they are straight, plumb, correctly 
aligned, and adequately braced. A 
surveyor’s transit or laser level is used 
to establish the exact height to which 
the concrete will be poured, and this 
height is marked all around the in- 
side of the forms. After an inspection 
by the building official, pouring may 
then proceed (Figure 8.20). 

Concrete is then transported to 
the top of the wall, and workers stand- 
ing on top of the forms deposit the 
concrete in the forms, agitating it to 
eliminate air pockets with a shovel 
or stick for short walls or a mechani- 
cal vibrator for tall walls. When the 
form has been filled and compacted 
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FIGURE 8.20 


FIGURE 8.19 
Cross section of a proprietary concrete 
form tie. 


The formwork has been completed and braced. Metal spacers nailed to the top of the 
formwork maintain proper form width. (Photo by Rob Thallon) 
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up to the level that is marked inside 
the formwork, hand floats are used to 
smooth and level the top of the wall. 
Anchor bolts and hold-downs (when re- 
quired) are set into the wet concrete, 
projecting up in anticipation of the 
framing that will be bolted to them. 
The top of the form is then covered 
with a plastic sheet or canvas, and the 
wall is left to cure. 

After a day or two of curing, the 
bracing is taken down, the connec- 
tors are removed from the ends of 
the form ties, and the formwork is 
stripped from the wall (Figure 8.22). 
Tall walls are left bristling both inside 
and out with projecting ends of form 
ties. These are twisted off with heavy 
pliers, and the holes that they leave in 
the surfaces of the wall are carefully 
filled with grout. If required, major 
defects in the wall surface caused by 


FIGURE 8.21 

An operable crawlspace vent cast into 

a concrete foundation. The vent is 
designed to be closed during cold winter 
months to conserve heat, but owners 
seldom adjust vents, and a lack of venti- 
lation can lead to moisture accumulation 
and the decay of wooden structures. 
(Photo by Rob Thallon) 
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FIGURE 8.22 

The forms are being stripped from these freshly poured concrete foundation walls. 
The ties have not yet been twisted off. Note the crawlspace vents cast into the top of 
the distant wall. (Photo by Rob Thallon) 


FIGURE 8.23 

An ICF foundation wall. The 
forms are set up to be filled 

with concrete at the same time 

as the footings are poured. The 
insulating formwork will remain 
in place and will be covered on 
the exterior with stucco or some 
other hard surface to protect it 
from moisture and abrasion. The 
wooden footing forms will be re- 
moved after the concrete sets, but 
the metal channels that support 
the ICFs will remain because they 
will be encased in concrete. 
(Photo by Erik Swinney) 
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flaws in the formwork or inadequate 
vibration of the concrete can be re- 
paired at this time. The wall is now 
complete, ready for the addition of a 
mudsill and the beginning of framing. 
The foundation may be waterproofed 
and insulated (as discussed later in 
this chapter) at this stage, but back- 
filling against tall walls is delayed un- 
til the floor framing is in place. 
Other methods of forming and 
casting concrete foundation walls are 
used as well. Metal forms that flare at 
the base are used for short walls on 
flat sites to facilitate pouring of foot- 
ing and wall simultaneously. Insu- 
lated concrete forms (ICFs) that are 
left in place to add thermal insulation 
to a concrete wall are rapidly gaining 
popularity (Figure 8.23). ICFs are dis- 
cussed further in Chapter 24. Finally, 
precast foundation walls, manufac- 
tured in large sections before being 
transported to the site, are gaining 
acceptance in some areas. 


CONCRETE MASONRY 
FOUNDATION WALLS 


The concrete masonry (concrete block) 
foundation wall, like a poured concrete 
wall, rests on the completed footing. 
Block walls are somewhat simpler to 
construct than concrete walls, how- 
ever, because there are no forms to 
build. The work is usually performed 
by a masonry subcontractor who may 
or may not have constructed the foot- 
ings. For most work, standard 8 x 8 x 
16-inch block is used with half blocks 
as needed at corners and openings 
and bond blocks for horizontal re- 
bar (Figure 8.24). For extra strength, 
12-inch-deep blocks are sometimes 


FIGURE 8.24 

Residential block foundation walls are 
usually built with just a few simple block 
types. Decorative blocks such as split- 
face block require the same types but, 
because they are more expensive and 
more difficult to waterproof, are only 
used above grade. 
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FIGURE 8.25 


A typical block foundation wall under construction. The block ly- 
ing on its side next to the worker’s hand will have a screen adhered 
to its inside face to make a crawlspace vent. (Photo by Rob Thallon) 


FIGURE 8.27 
Rebar laid in a bond beam. The corner 


block has been cut with a masonry saw to 
make it a bond beam block, typically be- 
cause it is too expensive for masonry supply 
stores to stock right- and left-hand corner 
bond beam blocks. (Photo by Rob Thallon) 


FIGURE 8.26 


required. Vents, windows, and other 
openings are made by omitting 
blocks and creating a bond beam 
lintel across the opening (Figure 
5.17). If the foundation is designed 
to an 8-inch (200-mm) block module, 
very few blocks will have to be cut. 


Constructing a Concrete 
Masonry Foundation Wall 


To start the work, the outside corners 
of the wall are marked on the foot- 
ing, and strings are stretched between 
them to define the outer face of the 
future wall. The concrete blocks are 
then laid in mortar using a Running 
Bond (Figure 8.25). Like poured con- 
crete foundation walls, block walls may 
be built with or without reinforcing. 


The first course of block has been laid on the footing, and 
vertical rebar dowels can be seen projecting through the cells 
of the block. (Photo by Rob Thallon) 


Unreinforced block walls cannot carry 
such high stresses as reinforced walls 
and are not suitable for areas with high 
seismic risk. If the wall is to be rein- 
forced, horizontal rebar is laid in bond 
beam blocks as the wall is being con- 
structed, and vertical rebar is inserted 
from the top, after the wall has been 
completed, into the cells containing 
the rebar dowels that project up from 
the footing (Figures 8.26 and 8.27). 
After the masonry has been com- 
pleted and the rebar is in place, the 
wall is inspected by the building in- 
spector to ensure proper reinforcing. 
It is then grouted to unite the block 
and rebar into a single structural 
unit. Ata minimum, cells that contain 
vertical bars are grouted. For a stron- 
ger wall, all cells are grouted. Grout 
is generally delivered in a concrete 


206 / Part Three * Wood Light Frame Construction 


truck and pumped into the top of 
the wall with a concrete pump or a 
smaller grout pump. Anchor bolts 
and hold-downs are set into the wet 
grout at the top course(s) of block, 
which is usually a bond beam. The 
day after the anchor bolts are grouted 
in place, the mudsill can be bolted to 
the wall and the framing can begin. 


Polystyrene foam 


CONCRETE SLAB 
FOUNDATIONS 


A concrete slab on grade is a level 
surface of concrete for the ground 
floor of a building. The concrete is 
supported directly by the soil and is 
thickened at its perimeter to provide 
a footing under the exterior walls 
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(a) SLAB ON GRADE’ WITH EXTERIOR INSULATION 


Blocking between studs 


A treated wood strip is 
nailed to the studs to form 
the edge of the slab 


8" foam insulation with ¥: 
protection coating 


(Figure 8.285). Concrete slabs are es- 
pecially prevalent in warm southern 
climates where footings can be shal- 
low and where their inherent thermal 
mass can help to keep the house cool. 
Because the foundation and subfloor 
can be constructed in one relatively 
simple operation, slab-on-grade con- 
struction is inexpensive. In addition, 


2x6 Studs give a 8.5" 
bearing on the slab 
plus a 2" projection 
to cover the edge of 
the foam insulation 


(6) SLAB ON GRADE WITH EXTERIOR INSULATION 


provides a nailing surface 
for interior wall finish 
materials 


Any wood must always be 
at least 6" (150 mm) above 
the soil 


Interior polystyrene foam 
insulation 


for insulation 


Foundation stepped 
back at top to allow 


-— Rigid foam insulation 
will be covered by 
Interior finishes 


(c) SLAB ON GRADE’ WITH INTERIOR INSULATION 


FIGURE 8.28 


(dq) SLAB ON GRADE’ WITH INTERIOR INSULATION 


Some typical concrete slab-on-grade details with thermal insulation. The exterior insulation at (a) and (b) may be used with a 


deep footing (a) or a turned-down footing (b) and may be installed when the slab is poured or at a later date. The interior 


insulation at (c) and (d) must be used with a deep footing and is installed before the slab is poured. The detail at (b) is for 


warm climates only. Foundation insulation is discussed further on page 215. 


a beautiful (and inexpensive) fin- 
ished floor can be made with the ad- 
dition of color and sealer to the con- 
crete surface. 

The thickened edges at the pe- 
rimeter of the slab are sized as if they 
were footings for a perimeter founda- 
tion wall. The slab can also be thick- 


ened at specific interior locations to 
provide footings for loadbearing col- 
umns or walls (Figure 8.29). In cold 
climates or on sloped sites, where 
the footings may have to be so deep 
as to make the thickened edge foot- 
ing impractical, poured concrete or 
concrete block stem walls provide the 


— -The slab is thickened to at 
least 12" (300 mm) under 
bearing partitions and 
posts 


The width of the 
thickened slab is 
determined by the 
loadbearing capacity of 
the soil and the 
magnitude of the load 


INTERIOR FOOTING FOR SLAB ON GRADE 


FIGURE 8.29 


A typical interior footing to support a loadbearing column or wall. 


Form with 
brace 


FIGURE 8.30 


Concrete 


— Welded wire fabric ~ 


Moisture barrier 


—..Gravel base. 


(ON 


The construction of a concrete slab on grade. Notice how the wire reinforcing fabric 


overlaps where two sheets of fabric join. 
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foundation, and the slab is poured 
independently of these walls (Fig- 
ure 8.28¢, d). The thickness of the 
interior nonloadbearing slab usually 
ranges from 3 to 4 inches (75 to 100 
mm) for a residential floor and is 
often increased to around 6 inches 
150 mm) for a garage floor. 


Forming and Preparing a 
Slab on Grade 


To prepare for the placement of a slab 
on grade, topsoil is scraped away to 
expose the subsoil beneath. A 4-inch- 
deep (100-mm) layer of crushed 
stone is compacted over the subsoil 
as a drainage layer to keep water away 
from the slab. A moisture barrier 
(usually a heavy sheet of polyethylene 
plastic) is laid over the crushed stone. 
The thickened parts of the slab that 
act as footings bear directly on the 
soil, without crushed stone beneath. 
A simple edge form is constructed of 
wood or metal around the perimeter 
of the area to be poured and is coated 
with a form-release compound to pre- 
vent the concrete from sticking. The 
top edge of the form is leveled care- 
fully, and metal anchor straps that will 
later tie the mudsill to the foundation 
are fastened to it. 

A reinforcing mesh of welded wire 
fabric, cut to a size just a bit smaller 
than the dimensions of the slab, is 
laid over the moisture barrier (Fig- 
ure 8.30). The fabric most commonly 
used for lightly loaded slabs, such as 
those in houses, is 6 x 6-W1.4/W1.4, 
which has a wire spacing of 6 inches 
(150 mm) in each direction and a 
wire diameter of 0.135 inch (3.43 
mm). (For slabs in garages, a fabric 
made of heavier wires or a grid of re- 
inforcing bars is often used instead.) 
The reinforcing helps protect the slab 
against cracking that might be caused 
by concrete shrinkage, temperature 
stresses, concentrated loads, frost 
heaves, or settlement of the ground 
beneath. Fibrous admixtures are find- 
ing increasing acceptance as a means 
of controlling the plastic shrinkage 


208 / Part Three * Wood Light Frame Construction 


FIGURE 8.31 
This slab on grade with a turned-down 


footing is ready to pour. Rigid insula- 
tion has been added under the slab, and 
the perimeter will be insulated after the 
slab is poured. Underfloor plumbing 

is wrapped with insulation to eliminate 
contact with the concrete. Slab reinforce- 
ment in this case is with rebar rather than 
the more typical welded wire fabric. 
(Photo by Rob Thallon) 


(d) 
FIGURE 8.32 

Constructing and finishing a concrete slab on grade: (a) Distributing the concrete in the forms is hard work and must be done rapidly, so 

a large crew is generally on hand even if a concrete pumper is used to place the concrete in the forms. Workers must take care not to pen- 
etrate the moisture barrier during this part of the process. (b) Striking off the surface of a concrete slab on grade just after pouring, using a 
motorized straightedging device. The motor vibrates the straightedge end to end to work the wet concrete into a level surface. This opera- 
tion is often performed by hand. (c) A bull float can be used for preliminary smoothing of the surface immediately after straightedging. (d) 
Machine floating brings cement paste to the surface and produces a plane surface. Floating can also be done by hand. (e) Steel troweling 
several hours after floating produces a dense, hard, smooth surface. (f) One method for damp curing a slab is to cover it with polyethylene 
sheeting to retain moisture inside the concrete. (Photo a by Rob Thallon; photos b-{ courtesy of Portland Cement Association, Skokie, Illinois) 


cracking that often takes place dur 
ing curing of a slab. Fibrous reinforc- 
ing, however, is not strong enough to 
replace wire fabric for general crack 
control in slabs. 

Concrete is highly conductive 
of heat, so slab-on-grade founda- 
tions usually must be insulated at 
their perimeter to meet code re- 
quirements for energy conservation 
(Figure 8.28). In all climates, perimeter 
insulation helps to maintain comfort- 
able indoor temperatures—keeping 
the slab cool in warm climates and 
warm in cold climates. In moderate 
and cold climates, there may be a lay- 
er of rigid insulation installed under 
the entire slab to isolate the mass of 
the concrete from the cool soil below 
(Figure 8.31). 

One disadvantage of slabs is the 
difficulty of running utilities (plumb- 
ing, heating, and electrical systems) 
within them. Once these systems 
have been cast into or under the 
concrete, it is virtually impossible to 
repair or remodel them. Therefore, 
designers usually find a way to keep 
heating ducts and wiring out of the 
slab, but there is no way to eliminate 


underfloor plumbing (Figure 14.11). 
Drain lines are set by the plumber 
in the crushed stone below the slab 
and, after they have been tested by 
the plumber and inspected (by the 
plumbing inspector), are covered 
with more crushed stone to isolate 
them from the concrete. All pipes 
that pass through the slab must also 
be isolated from the concrete (usu- 
ally with fiberglass wrap) to prevent 
abrasion from thermal expansion 
and contraction. 

Control joints must be provided at 
intervals in a slab on grade. A control 
joint is a straight, intentional crack 
that is formed with a fiberboard strip 
or tooled into the surface of the slab 
before the concrete has hardened. 
Alternatively, a control joint may be 
created by sawing a shallow groove 
into the top of the slab after it has 
hardened. The function of a control 
joint is to provide a place where the 
forces that cause cracking can be re- 
lieved without disfiguring the slab. 
The reinforcing mesh is discontin- 
ued at each control joint as a further 
inducement for cracking to occur in 
this location. 
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Figure 8.33 

Workers steel troweling a 
recently poured concrete 
slab. Anchor straps embed- 
ded in the concrete near 
the edge of the slab will tie 
the wood framing to the 
foundation. (Photo by Rob 
Thallon) 


Pouring and Finishing 
the Slab on Grade 


Pouring of the slab commences with 
the placing of concrete into the form- 
work (Figure 8.32a). This may be 
done directly from the chute of a tran- 
sit-mix truck or with wheelbarrows, 
concrete buggies, or a concrete pump 
and hoses. The method selected will 
depend on the scale of the job and the 
accessibility of the slab to the truck de- 
livering the concrete. The concrete is 
spread by hand with shovels or rakes 
until the form is full, and the same 
tools are used to agitate the concrete 
slightly, especially around the edges, 
to eliminate air pockets. Next, using 
handheld hooks, the concrete masons 
reach into the wet concrete and raise 
the welded wire fabric to the mid- 
height of the slab, so that it will be able 
to resist tensile forces caused by forces 
acting either upward or downward. 
The first operation in finishing the 
slab is to strike offor straightedge the con- 
crete by drawing a stiff plank of wood or 
metal across the top edges of the form- 
work to achieve a level surface (Figure 
8.325). This is done with an end-to-end 
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FIGURE 8.34 

A slab on grade can be strengthened 
significantly with the use of a posttension- 
ing system. High-strength steel tendons 
extending through the slab in plastic 
sheaths are stretched (tensioned) with a 
small, portable hydraulic jack after the 
concrete has cured. 

(Courtesy of Constructive Services, Inc., 
Dedham, Massachusetts) 


sawing motion that avoids tearing the 
projecting pieces of coarse aggregate 
from the surface of the wet concrete. 
A bulge of concrete is maintained in 
front of the straightedge as it progress- 
es across the slab, so that, when a low 
point is encountered, concrete from 
the bulge will flow in to fill it. When 
straightedging has been completed, the 
top of the slab is level but rather rough. 

The slab is next floated to produce 
a smoother surface (Figure 8.32c, d). 
The masons wait until the watery 
sheen has evaporated from the sur- 
face, then smooth the concrete with a 
flat tool called a “float.” The working 
surfaces of floats are made of wood 
or of metal with a slightly rough sur- 
face. As the float is drawn across the 
surface, its friction vibrates the con- 
crete gently and brings cement paste 
to the surface where it is smoothed. If 
too much floating is done, however, 
an excess of paste and free water rises 
to the surface to form puddles, and 
it is almost impossible to get a good 
finish. Experience on the part of the 
mason is essential to floating, as it is 
to all slab finishing operations, in or- 
der to know just when to begin each 
operation and just when to stop. 

For a completely smooth, dense 
surface, the slab must also be trow- 
eled. This is done either by hand with 
a smooth rectangular steel trowel 
(Figure 8.32e) or with a rotary pow- 
er trowel. Troweling is done several 
hours after floating, when the slab is 
becoming quite firm. If the concrete 
mason cannot reach all areas of the 
slab from around the edges, knee- 
boards are placed on the surface of 
the concrete to distribute the mason’s 


weight without making indentations. 
Any marks left by the kneeboards are 
removed by the trowel as the mason 
works backward across the surface 
from one edge to the other. 

When the finishing operations 
have been completed, the slab should 
be cured under damp conditions for 
at least a week; otherwise, its surface 
may crack or become dusty from pre- 
mature drying. Damp curing may be 
accomplished by covering the slab 
with an absorbent material, such as 
sawdust, earth, sand, straw, or bur- 
lap, and maintaining the material in 
a damp condition for the required 
length of time. Alternatively, an im- 
pervious sheet of plastic or water- 
proof paper may be drawn over the 
slab soon after troweling to prevent 
the escape of moisture from the con- 
crete (Figure 8.32/). The same effect 
can be obtained by spraying the con- 
crete surface with one or more appli- 
cations of a liquid curing compound, 
which forms an invisible moisture 
barrier membrane over the slab. 


Posttensioned Slabs on 
Grade 


For situations in which the soil is es- 
pecially soft or unstable or irregular, 
a posttensioned slab on grade is some- 


times the best solution. Posttensioning 
strengthens a slab significantly so that 
it can essentially act as a single footing, 
spreading loads evenly across its entire 
area. The strength in the system comes 
from high-strength cables called ten- 
dons that are placed in the concrete 
in two directions, similar to rebar. The 
tendons are coated with heavy grease 
and sheathed in plastic, and their ends 
pass through a small anchoring device 
and extend through the formwork. 
After the concrete has been poured 
and has cured to a specified strength 
(about 3000 psi), the tendons are 
stretched with a hydraulic jack, and 
the anchoring device holds them taut 
(Figure 8.34). The excess length of 
tendon is then cut off flush with the 
slab edge, and the small pocket at the 
anchoring device is grouted flush. 


Woop FOUNDATIONS 


The preservative-treated wood foun- 
dation (Figure 8.35), first developed 
in the 1970s, is now a popular alterna- 
tive to the standard concrete or con- 
crete block foundation. Called the 
permanent wood foundation (PWF), this 
system accounts for about 5 percent 
of all foundations in the United States 
and about 20 percent of foundations 
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in Canada. It is easily insulated in the 
same manner as the frame of the house 
it supports and can be constructed in 
any weather by the same crew of car- 
penters who will frame the building. A 
further advantage of PWFs is that they 
allow for easy installation of electrical 
wiring, plumbing, and interior finish 
materials in the basement. 

PWFs do not rely on a concrete 
footing for support, but rest instead 
on a leveled bed of crushed stone that 
also provides drainage (Figure 8.36). 
The size and spacing of studs used 
for wood foundations depend on the 
height and type of backfill. Resistance 
to the lateral thrust of backfill is pro- 
* vided at the base of the wall by a 4-inch 

S ete te Bo eG ye IN a at i 2 (100-mm) concrete slab, poured 
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FIGURE 8.35 

Erecting a preservative-treated wood foundation. One worker 
applies a bead of sealant to the edge of a panel of preserva- 
tive-treated wood components, while another prepares to push 
the next panel into position against the sealant. The panels > 
rest on a horizontal preservative-treated plank, which, in turn, 


Stucco coating 


Preservative -treated 


rests on a drainage layer of crushed stone. A major advantage 
ae : 5 : Drywall, taped to plywood with water- 
of a wood foundation is that it can be insulated, wired, and treated plywood proofing 
finished in the same way as the superstructure of the building. at its base 
(Courtesy of APA-The Engineered Wood Association) 
Batt 
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1/2" treated | = | = 
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‘OS 
A PWF is essentially a below-grade preservative-treated stud wall iS 
that is engineered to withstand lateral pressure from backfill. A es) O a 
slab resists soil pressure at the base of the wall, and the floor holds 
the wall at its top. Gravel fill and waterproofing keep moisture 
away from the wall. Insulation is located in the stud cavities just as 
it is in an above-grade wall. 
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the base of the wall, wood founda- 
tions are most practical for basement 
foundations, where the floor slab pre- 
vents the walls from sliding inward. 


PRECAST CONCRETE 
FOUNDATIONS 


Large concrete panels manufactured 
in the controlled environment of a fac- 
tory combine the strength and durabil- 
ity of concrete with the short on-site 
construction schedule and reduced 
weather dependency of PWFs. There 
are a variety of precast concrete foundation 
systems available in North America, and 
their use is gaining popularity—a reality 
proven by their inclusion in the IRC. 

Precast concrete foundations em- 
ploy high-strength (4000 to 5000 psi) 
concrete in efficient structural con- 
figurations to make full-height base- 
ment wall panels in lengths up to 12 
feet. Most panels have integral rigid 
insulation, chases for electrical and 
plumbing systems, and attachment 
channels for interior finish materials. 
Openings for windows and/or doors 
are cast into the panels at the factory. 

At the building site, a small crane 
sets the wall panels on a compacted 
and leveled bed of crushed rock, 
where they are bolted together and 
sealed at the joints with an elasto- 
meric sealant. With most systems, the 
basement walls for a residence can be 
erected in less than a day. Once the 
panels are in place, a concrete slab 
basement floor is poured, and a con- 
ventionally framed floor is connected 
to the top of the walls. When braced 
by the slab and framed floor, backfill- 
ing against the walls can proceed. 


ANCHOR BOLTS AND 
HOLD-DOWNS 


One of the last steps in making a site- 
built concrete or masonry foundation 
is to cast in bolts that will connect the 
wood structure to the foundation. 
The most common of these is the an- 
chor bolt—a %-inch bolt that extends 


7 inches into the concrete or mortar 
and will pass through a 14%inch wood- 
en sill (Figure 9.10). Anchor bolts are 
placed into the concrete or mortar 
before it has set up so that the bolts 
become integral with the foundation. 
It is important to set these bolts at the 
right height and in the proper loca- 
tion. For concrete slabs, anchor straps 
are sometimes used in place of bolts 
because the straps are designed to 
project from the slab at its edge and 
therefore do not interfere with the 
slab finishing. When required, larger 
bolts or straps for hold-downs are cast 
into the foundation at the same time 
as anchor bolts (Figure 9.37). 


DRAINAGE AND 
WATERPROOFING 


Before any effort is made to keep 
groundwater from penetrating the 
foundation, every attempt should 
be made to control surface runoff. 
The ground should slope away from 
the foundation whenever possible 


to promote drainage away from the 
building. Roof drainage water should 
be contained in gutters, downspouts, 
and storm drains and channeled 
away from the building (Figure 8.37). 
These principles are discussed in 
more detail in Chapter 7. 

Once surface runoff has been con- 
trolled, an excellent way to keep a base- 
ment or crawlspace dry is to drain it by 
surrounding it with a thick layer of clean 
gravel or crushed stone. Large stone 
with no fine particles is best for this 
purpose because it leaves large, open 
passages between the stones through 
which water can flow freely. Water pass- 
ing through the soil toward the build- 
ing cannot reach the foundation wall 
without first falling to the bottom of 
the gravel layer, from where it can be 
drawn off by perimeter drains (also 
called footing drains) made of perfo- 
rated pipes (Figure 8.38). It is good 
practice to place filter fabric around 
the entire volume of gravel to keep out 
small soil particles that might eventu- 
ally clog the open passages between 
stones. The perforated pipes are at least 


FIGURE 8.37 
The concrete crawlspace foundation is entirely surrounded by storm drain pipes that 


slope to the street, where the system will empty into a gutter. The vertical extension 


near the corner of the house is one of several that will collect roof runoff from down- 


spouts. Note also the drain that passes under the footing to drain moisture that might 
collect in the crawlspace itself. (Photo by Rob Thallon) 
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FIGURE 8.38 

Two methods of relieving water pressure 
around a building substructure. The gravel 
drain (top) is the standard method, but it 
is hard to do well because of the difficulty 
of depositing the stone and backfill soil 

in neatly separated alternating layers. The 
drainage mat or drainage panel (bottom) 
is much easier and often more economical 
to install. It is a manufactured component 
that may be made of a loose mat of inert 
fibers, a plastic egg-crate structure, or 
some other very open, porous material. It 
is faced on the outside with a filter fabric 
that prevents fine soil particles from enter- 
ing and clogging the drainage passages in 
the mat or panel. Water approaching the 
wall falls through the porous material to 
the drain pipe at the footing. 


Perforated pipe in crushed stone 


FIGURE 8.39 
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Sump and pump 


For a high degree of security against substructure flooding, drainage both around and 


under the basement is required. 
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FIGURE 8.40 
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A concrete block basement foundation wall. The lower portion of the wall has been coated 
with dampproofing, and a perimeter drain has been installed at the base. Rigid insulation 
will be placed against the dampproofing, and gravel will be placed (by hand) against the in- 
sulation. The gravel will provide a drainage channel to the perimeter drain and will protect 
the insulation and dampproofing from damage by soil backfill. (Photo by Rob Thallon) 


4 inches (100 mm) in diameter and 
serve to Maintain an open channel in 
the crushed stone bed through which 
water can flow. The pipes drain by gray- 
ity “to daylight” below the building on a 
sloping site, to a sump pit that is periodi- 
cally pumped dry, or to a dry well. 

An excellent alternative to grav- 
el is drainage matting that is placed 
against the outside of the foundation 
wall. The matting contains an integral 
filter fabric and maintains an airspace 
next to the wall through which water 
falls to the perimeter drain at its base. 


A properly installed drainage 
system will prevent the buildup of 
potentially destructive water pressure 
against basement walls and under 
slabs (Figure 8.39). However, many 
houses also have some type of mem- 
brane waterproofing, which serves 
to keep soil humidity from permeat- 
ing the basement walls. Residential 
foundations in relatively dry regions 
are often coated on the outside with 
an inexpensive asphalt dampproof- 
ing, which is not a reliable barrier to 
the passage of water, but will prevent 
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Batt insulation 


Where an insulating 
polystyrene foam 
sheathing is used on the 
frame, it can be extended 
down the face of the 
foundation wall——— 


AAW 


= 


Batt insulation is installed 
A protective coating must in a wood stud wall 
be applied to the exposed 
portion of the foam 

A 1" (25mm) airspace is 
left between the studs and 
the concrete 


(Optional) A horizontal 
skirt of foam insulation a 
foot or two below grade is 
effective in retarding heat 
loss from the lower part of 
the basement wall 


(a) BASEMENT WITH EXTERIOR FOAM INSULATION 


Cantilevered joists allow 
use of foam on the 

basement portion of the 
house only 


Batt insulation is stapled to 
the header joist and 
extended down the ____ 
concrete wall and 2" 

(600 mm) onto the floor of 
the crawlspace 


S 
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A plastic moisture barrier 
sheet keeps the 
crawlspace and insulation 
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(c) BASEMENT WITH EXTERIOR FOAM INSULATION BTS 


(d) CRAWLSPACE WITH INTERIOR BATT INSULATION 


FIGURE 8.41 

Most building codes require thermal insulation of the foundation. Here are three different ways of adding insulation to a poured 
concrete or concrete masonry basement and one way of insulating a crawlspace foundation. The crawlspace may alternatively be in- 
sulated on the outside with panels of plastic foam. The interior batt insulation shown in (b) is commonly used but raises unanswered 
questions about how to avoid possible problems arising from moisture accumulating between the insulation and the wall. 


most moisture from coming through 
the wall. More reliable waterproof 
ing systems include natural clay that 
swells when moist to become imper- 
vious, portland cement plasters with 
water-repellent admixtures, rubber 
or plastic membranes, and bitumen- 
modified urethanes. These systems 
are variously applied with a brush, a 
trowel, a roller, a sprayer, or mechani- 
cally in sheets by the general contrac- 
tor or a specialized subcontractor. 


FOUNDATION INSULATION 


Because foundation walls are generally 
located at the perimeter of the build- 
ing, there is usually a need to insulate 
them in order to complete the thermal 
envelope of the house. Basement walls 
must be insulated to protect living spac- 
es or utilities located in the basement 
(Figure 8.4la—c). Crawlspace founda- 
tions are also sometimes insulated (Fig- 
ure 8.41d). Slab foundations in all but 
the warmest climates must be insulated 
because they are continuous with the 
slab floor of the house. 

When foundation insulation is 
below grade at the exterior of the 
foundation, a rigid insulation such as 
extruded polystyrene foam that does 
not deteriorate in the soil is best. The 
installation of this rigid insulation is 
often done by the general contractor 
(rather than the insulation subcon- 
tractor) because it is easy to apply and 
must be in place before backfilling can 
occur. At the interior of foundation 
walls, either rigid or conventional batt- 
type insulation may be applied later in 
the construction process by the insula- 
tion subcontractor. Recent problems 
with insect infestations in rigid foam 
insulation that runs from below grade 
to framing have brought about code 
restrictions regarding this practice. 
This problem and the general topic of 
insulation are discussed in Chapter 17. 

A recently developed alternative 
for insulating foundation walls is the 
insulating concrete form (ICF) that 
serves both to form the concrete and 
to remain in place permanently as 


thermal insulation. This material is 
discussed in detail in Chapter 24. 


Basement Insulation 


Basement insulation may be applied 
either inside or outside the founda- 
tion wall. Outside the wall, rigid insu- 
lation boards, typically 2 to 4 inches 
(50 to 100 mm) thick, are applied 
with adhesive or mechanical fasteners 
and held ultimately by the pressure 
of the soil (Figure 8.41a, b). Above 
grade, this rigid insulation must be 
protected from mechanical abrasion 
and ultraviolet degradation. Depend- 
ing on the situation, flashing or stuc- 
co is usually used for this protection 
(Figure 8.41a). Proprietary products 
are available that combine insulation 
board with a drainage mat in a single 
assembly. Alternatively, either batt 
insulation or rigid insulation boards 
may be installed later in the construc- 
tion process at the interior of the 
foundation wall (Figure 8.410). 
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Crawlspace Insulation 


When the crawlspace is used as a re- 
turn or supply plenum for a forced-air 
heating system (Figure 15.8) or when 
it is unventilated and sealed (Figure 
17.30), the perimeter foundation 
walls must be thermally insulated. In 
these situations, the crawlspace walls 
are typically insulated on the inside 
with batt insulation that is stapled to 
the mudsills, hangs down the walls, 
and runs out 2 to 4 feet onto the floor 
of the crawlspace (Figure 8.41). 


Slab-on-Grade Insulation 


In all but the warmest climates, slabs 
are required by code to be insu- 
lated at their perimeter where they 
are in contact with outside air. Be- 
cause some portion of the perimeter 
insulation is always in contact with 
the soil, rigid insulation board is used 
(Figure 8.42). 


FIGURE 8.42 
This new slab has 2-inch rigid insulation board installed at the perimeter. Metal flash- 
ing protects the top portion of the insulation from abrasion. The worker is finishing a 
porch slab poured against the completed insulation. (Photo by Rob Thallon) 
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Wall structure 


Protective coating 


Plastic foam insulation 


Shallow footing in inorganic soil — 


FIGURE 8.43 


A typical detail for a shallow frost-protected footing. 


Shallow Frost-Protected 
Foundations 


Codes in some cold climates permit 
polystyrene foam insulation boards 
to be used in a special configuration 
called a shallow frost-protected foundation 
that allows the construction of footings 
above the normal frost line in the soil, 
resulting in lower excavation costs. 
Continuous layers of insulation board 
are placed around the perimeter of 
the building in such a way that heat 
flowing into the soil in winter from the 
interior of the building keeps the soil 
beneath the footings at a temperature 
above freezing (Figure 8.43). 


BACKFILLING 


After the foundation has been water- 
proofed or dampproofed, the insulat- 
ing boards have been applied, and the 
drainage features have been installed, 
the area around the foundation in 
an open excavation is backfilled to 
restore the level of the ground. The 
backfilling operation involves placing 
soil back against the outside of the 


foundation and compacting it there 
in layers, taking care not to damage 
drainage or waterproofing compo- 
nents or to place excessive pressure 
on the walls. An open, fast-draining 
soil such as sand or gravel is preferred 
for backfilling because it allows the 
perimeter drainage system around the 
basement to do its work. Compaction 
must be sufficient to minimize subse- 
quent settling of the backfilled area. 
Basement walls are taller than 
crawlspace walls or slab foundations, 


C.S.1./C.S.C. 


so there is considerably more risk of 
their collapsing inward under the 
pressure of the backfill material than 
there is with other foundation types. 
Basement walls should therefore 
be braced to resist the considerable 
pressure of the backfill before back- 
filling commences. The completed 
first-floor platform, securely fastened 
to the anchor bolts in the top of the 
foundation walls, usually furnishes 
sufficient bracing for this purpose 
(Figure 7.26). In all cases, compac- 
tion of backfill materials must be gen- 
tle and deliberate, and care should be 
taken to keep heavy equipment from 
getting too close to basement walls. 


FOUNDATION DESIGN AND 
THE BUILDING CODES 


Building codes contain numerous 
provisions relating to the design and 
construction of foundations, which we 
have discussed throughout this chap- 
ter. The codes define which soil types 
are considered satisfactory for bear- 
ing the weight of buildings and set 
forth maximum assumed loadbearing 
values for each soil type (Figure 8.4). 
They establish minimum dimensions 
for footings and foundation walls and 
require engineering design of retain- 
ing walls. Through these provisions, 
the codes attempt to ensure that every 
building will rest upon secure founda- 
tions and a dry substructure. 


MasterFormat Section Numbers for Foundations 


03 11 00 
03 31 00 
03 41 00 
04 22 00 
06 14 00 


07 11 00 
07 21 00 


Concrete Forming 
Structural Concrete 
Precast Structural Concrete 


Concrete Unit Masonry 
Treated Wood Foundation 


DAMPPROOFING AND WATERPROOFING 


Thermal insulation 


SELECTED REFERENCES 


1. Ambrose, James E. Simplified Design of 
Building Foundations (2nd ed.). Hoboken, 
NJ: John Wiley & Sons, 1988. 


After an initial summary of soil proper- 
ties, this small book covers simplified 


Key TeERMs AND CONCEPTS 


dead load 

live load 

wind load 

uniform settlement 
differential settlement 
soil 

rock 

gravel 

sand 

silt 

clay 

expansive soil 

organic soil 

soil stability 

soil drainage characteristics 
allowable soil stress 
bearing capacity of soil 


REVIEW QUESTIONS 


1. What is the nature of the most common 
type of foundation failure? 


2. Explain in detail the differences among 
fine sand, silt, and clay, especially as they 
relate to the foundations of buildings. 


3. What are some ways to achieve ade- 
quate bearing for footings on poor soil? 


EXERCISES 


1. Obtain the foundation drawings for a 
nearby residential project. What sorts of 
soils are found beneath the site? How 
deep is the water table? Before looking at 
the drawings, decide what type of foun- 
dation should be used in this situation 


foundation computation procedures for 
both shallow and deep foundations. 


2. Liu, Chen, and Evett, Jack B. Soils and 
Foundations. Englewood. Cliffs, NJ: Pren- 
tice Hall, 1981. 


footing 

column footing 

wall footing (strip footing) 
undisturbed soil 

heaving 

frost line 

engineered fill 

compacted gravel fill 

controlled low-strength material (CLSM) 
concrete foundation wall 
form-release compound 

form tie 

anchor bolt 

hold-down 

mudsill 

concrete masonry foundation wall 
slab on grade 


4. Starting with a poured concrete strip 
footing, describe the steps in the typical 
process of forming and casting a concrete 
foundation wall. 


5. Name some advantages and disadvan- 
tages of permanent wood foundations. 


6. Describe several precautions that 
should be taken to keep a basement dry. 


(keeping in mind the relative weight of 
the building). Now look at the founda- 
tion drawings. What type is actually used? 
Why? Is the design derived from tables in 
the building code or was an engineer in- 
volved? 
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This is a fairly detailed discussion of the 
engineering properties of soils, subsur- 
face exploration techniques, soil mechan- 
ics, and shallow and deep foundations, 
but it is well suited to the beginner. 


welded wire fabric 

fibrous admixture 

perimeter insulation 

control joint 

strike off (straightedge) 

float 

trowel 

kneeboard 

posttensioned slab 

tendon 

permanent wood foundation (PWF) 
precast concrete foundation 
drainage matting 

dampproofing 

waterproofing 

shallow frost-protected foundation 


7. What is the difference between damp- 
proofing and waterproofing? 


8. List a number of ways to insulate a base- 
ment wall. 


9. What can go wrong during backfilling 
around a basement? What can be done to 
minimize the pitfalls of backfilling? 


2. What type of foundation and substruc- 
ture is normally used for houses in your 
area? Why? 


FLOOR AND WALL 
FRAMING 


¢ History 
e The Platform Frame 


¢ Building the Frame 
Planning the Frame 
Erecting the Frame 
Attaching the Frame to the Foundation 
Floor Framing 
Wall Framing 
Walls as Bracing 


Wall Framing for Increased Thermal 
Insulation 


Upper-Floor Framing 
Stair Framing 
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HISTORY 


Wood light frame construction was 
the first uniquely American build- 
ing system. It was developed in the 
first half of the 19th century when 
builders recognized that the closely 
spaced vertical members used to 
infill the walls of a heavy timber 
building frame were themselves suf- 
ficiently strong that the heavy posts 
of the frame could be eliminated. Its 
development was accelerated by two 
technological breakthroughs of the 
period. First, the advent of the water- 
powered sawmill lowered the cost 
of boards and small wood framing 
members to an affordable level for 
the first time in history. Second, ma- 
chine-made nails were introduced, 
which were remarkably inexpensive 
compared to the hand-forged nails 
that preceded them. 

The earliest version of wood 
light framing, the balloon frame, 
was a building system framed solely 
with slender, closely spaced wooden 
members: joists for the floors, studs 
for the walls, rafters for the slop- 
ing roofs. Heavy posts and beams 
were completely eliminated and, 
with them, the difficult, expensive 
mortise-and-tenon joinery they re- 
quired. There was no _ structural 
member in a frame that could not 
be handled easily by a single car- 
penter, and each of the hundreds 
of joints was made with lightning ra- 
pidity using two or three nails. The 
impact of this new building system 
was revolutionary. In 1865, G. E. 
Woodward wrote, “A man and a boy 
can now attain the same results, with 
ease, that twenty men could on an 
old-fashioned frame.” 

The balloon frame used full- 
length studs that ran continuously 
for two stories from foundation to 
roof. In time, these were recognized 
as being too long to erect efficiently. 
Another difficulty was that the tall, 
hollow spaces between studs acted 
as multiple chimneys in the event 
of a fire, spreading the blaze rapidly 


to the upper floors unless they were 
closed off with wood or brick fire- 
stops at each floor line. Several modi- 
fied versions of the balloon frame 
were subsequently developed in an 
attempt to overcome these difficul- 
ties, and the most recent of these, the 
platform frame, is now the universal 
standard (Figure 9.2). 


FIGURE 9.1 
Carpenters apply plywood roof sheathing to a platform-framed apartment building. 
The ground floor is a concrete slab on grade. The edge of the wooden platform of the 


THE PLATFORM FRAME 


While complex in its details, the 
platform frame is very simple in con- 
cept (Figure 9.3). A floor platform is 
built. Loadbearing walls are erected 
upon it. A second floor platform is 
built upon these walls and a second 
set of walls upon this platform. The 


upper floor is clearly visible between the stud walls of the ground and upper floors. 


Most of the diagonal bracing is temporary, but permanent let-in diagonal braces occur 


between the two openings at the lower left and immediately above in the rear building. 


(Courtesy of Southern Forest Products Association) 


attic and roof are then built upon 
the second set of walls. There are, 
of course, many variations: A con- 
crete slab that lies directly on the 
ground is sometimes substituted for 
the ground-floor platform; a build- 
ing may be one or three stories tall 
instead of two; and several types of 
roofs that do not incorporate attics 
are frequently built. The essentials 
remain, however: A floor platform is 
completed at each level, and the walls 
bear upon the platform rather than 
extending from the walls of the story 
below. 

The advantages of the platform 
frame over the balloon frame are that 
it uses short, easily handled lengths 
of lumber for the wall framing; its 
vertical hollow spaces are automati- 
cally firestopped at each floor; and 
its platforms function as convenient 
working surfaces for the carpenters 
who build the frame. The major dis- 
advantage of the platform frame is 
that, if dimension lumber is used for 
floor joists, each platform constitutes 
a thick layer of wood whose grain 
runs horizontally. This leads inevi- 
tably to a relatively large amount of 
vertical shrinkage in the frame as the 
excess moisture dries from the wood, 
which can lead to distress in the exte- 
rior and interior finish surfaces. This 
shrinkage can be reduced to a neg- 
ligible amount by using engineered 
lumber—lIjoists and laminated ve- 
neer lumber (LVL)—which contrib- 
utes almost no vertical shrinkage. 

The principal structural members 
of a conventional platform frame con- 
sist entirely of nominal 2-inch dimen- 
sional lumber members (or of similar- 
ly sized, engineered lumber). These 
can be ordered in lengths of 8, 10, 
12, 14, 16, and up to 24 feet (2.438 m, 
3.048 m, 3.658 m, 4.267 m, 4.877 m, 
and up to 7.315 m). At the building 
site, the carpenters measure and saw 
the members to the exact lengths 
required for the frame. All connec- 
tions are made with nails, using face 
nailing, end nailing, or toe nailing, 
as required by the characteristics of 
each joint (Figure 4.39). Nails are 
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Attic framing is identical 
in the two systems 


iit 


1 


I 


Studs in platform framing 
extend only from the top of 
one level of framing to the 
bottom of the next 


Studs in balloon framing 
extend unbroken from the 
foundation to the roof 


Firestops are required in 
balloon framing to close 
the cavities in the wall 


+ against the passage of fire 


Floor joists in balloon 
framing rest on a wood 
ribbon (also called a 
ribband) recessed into the 
studs 


—— 


———— 


ai 


In platform framing, the 
studs and sole plates rest 
on the top of the floor 
platforms 


Studs in balloon framing 
rest on the sill 


i 


PLATFORM FRAMING BALLOON FRAMING 


FIGURE 9.2 

Comparative framing details for platform framing (left) and balloon framing 
(right). Platform framing is easier to erect but settles considerably as the wood 
dries and shrinks. If nominal 12-inch (300-mm) joists are used to frame the floors 
in these examples, the total amount of loadbearing cross-grain wood between 

the foundation and the attic joists is 33 inches (838 mm) for the platform frame 
and only 4% inches (114 mm) for the balloon frame. 
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driven either by hammer or by hand- 
held pneumatic nailing machines 
(nail guns). In either case, the connec- 
tion is quickly made because the nails 
are installed without drilling holes or 
otherwise preparing the joint. 

Each plane of structure (floor 
platform, wall frame, etc.) is basically 
constructed in the same way. Pieces 
of framing lumber are aligned paral- 
lel to one another, with equal spacing 
between them (Figure 9.4). Cross- 
pieces are then placed at right angles 
to the parallel framing lumber at ei- 
ther end. The crosspieces are nailed 
to the parallel members to maintain 
their spacing and flatness. The as- 
sembled framing pieces are then cov- 
ered with sheathing, a facing layer that 
joins and stabilizes the pieces into a 
single structural unit, ready for the 
application of finish materials inside 
and out. 

Sheathing is a key component of 
platform framing. The end nails that 
connect the crosspieces to the paral- 
lel framing members have little hold- 
ing power against the considerable 
forces exerted on the building by 
wind or earthquake, but the sheath- 
ing connects the frame into a single, 
strong unit from foundation to roof. 
Sheathing also furnishes a surface 
to which roofing, siding, and floor- 
ing are nailed for finish surfaces. In 
buildings without sheathing, or with 
sheathing materials that are too weak 


to tie and brace the frame, diagonal 
bracing must be applied to the walls 
to impart lateral stability. 

Openings are required in all of 
these planes of structure: for win- 
dows and doors in the walls; for stairs 
and chimneys in the floors; and for 
chimneys, skylights, and dormers in 
the roofs. In each case, framing mem- 
bers are added around the opening 
to restore stiffness to the plane of 
structure and to hold the parallel 
members in position. Floors, walls, 
and roofs have unique structural 
requirements for openings in their 
structural planes, and each has spe- 
cific framing members for this pur- 
pose that will be discussed in the fol- 
lowing sections. 


BUILDING THE FRAME 


Planning the Frame 


While it is true that an experienced 
carpenter can frame a simple build- 
ing from minimal drawings, a plat- 
form frame of wood should be 
planned as carefully as a frame of 
steel or concrete in a larger building. 
The designer must determine an effi- 
cient layout and the appropriate sizes 
for joists, studs, rafters, and other 
framing members, and communicate 
this information to the carpenters 
and building officials by means of 


a set of drawings collectively called 
working drawings or construction draw- 
ings (Figure 9.5). 

Working drawings consist prin- 
cipally of floor plans, building eleva- 
tions, and sections. The architectural 
floor plans serve to indicate the lo- 
cations and dimensions of all walls 
and openings, and the exterior el- 
evations are drawings that show the 
outside faces of the building. For 
most buildings, sections are also 
drawn that cut completely through 
the building, showing the dimen- 
sional relationships of the various 
floor levels and roof planes and the 
slopes of the roof surfaces. In addi- 
tion, foundation plans show the sizes 
and locations of the various parts 
of the foundation, and floor framing 
plans show the sizes and locations 
of floor framing members. In most 
residential buildings, the founda- 
tion and floor framing plans can be 
combined into one drawing (Figure 
9.6). Roof framing plans show the size 
and relationship of all roof framing 
members. For most purposes, the 
designer determines member sizes 
by using the standardized structural 
tables in the building codes and in 
other references such as reference 3 
at the end of this chapter. Detailed 
section drawings, similar to those 
seen throughout this chapter, are 
also prepared for the major connec- 
tions in the building. 
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FIGURE 9.3 

The concept of platform framing, shown in cross section, reading from left to right: A foundation wall is constructed. A ground-floor 
platform is framed and sheathed. Ground-floor wall frames are assembled horizontally on the platform and then tilted into their final 
positions. A second-floor platform is constructed on top of the ground-floor walls, and the process of wall construction is repeated. 
The attic floor and roof are added. 


FIGURE 9.4 

The basic components of platform 
frame construction. (a) Floors are made 
of repetitive joists, (b) walls are made 
of repetitive studs, and (c) roofs are 
made of repetitive rafters. Each of these 
repeated elements is fastened to cross 
members at the ends and covered with 
sheathing to form a structural plane. 
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FIGURE 9.5 
The information for framing a house is 
all contained in the construction draw- 


ings. For the simplest buildings, a floor DO} 


plan, a section, and four elevations are 
adequate. (a) The floor plan shows the 
location of the walls and the location and 
size of window and door openings. (5) 
The section shows vertical dimensions and 
roof pitch. Spacing of joists, studs, and 
rafters is also indicated on the section. 

(c) The elevation shows the basic building 
shape, exterior materials, and relationship 
with the ground. More complicated build- = 
ings require floor framing plans (Figure 
9.6), roof framing plans, and numerous 
details. (Courtesy of Rainbow Valley Design 
and Construction, Eugene, Oregon) Ll 
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Erecting the Frame 


The assembly of a typical platform 
frame (referred to as rough carpentry 
in architects’ specifications) can best 
be understood by following the se- 
quential isometric diagrams that be- 
gin with Figure 9.7. Notice the basic 
simplicity of the building process: A 
platform is built, walls are assembled 
horizontally on the platform and 
tilted up into place, and another 
platform or a roof is built on top of 
the walls. Most of the work is accom- 
plished without the use of ladders or 
scaffolding, and temporary bracing is 
needed only to support the walls until 
the next level of framing is installed 
and sheathed. 
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The details of a platform frame 
are not left to chance. Although 
there are countless local and per- 
sonal variations in framing details 
and techniques, the sizes, spacings, 
and connections of the members in a 
platform frame are closely regulated 
by building codes, down to the sizes 
and spacings of the studs, the size and 
number of nails for each connection 
(Figure 9.9), and the thicknesses and 
nailing of the sheathing panels. 


Attaching the Frame to the 
Foundation 


A sill, often called a mudsill, which func- 
tions as a base for the wood framing, 
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is bolted or strapped to the founda- 
tion of the building. The sill should be 
made of preservative-treated or natu- 
rally decay-resistant wood. A single sill, 
as shown in Figures 9.10 and 9.11, is all 
that is required by most codes, but the 
sill is sometimes doubled for greater 
strength. The top of the foundation 
is usually somewhat uneven, so at low 
spots the sill must be shimmed with 
wood shingle wedges to be able to trans- 
fer loads from the frame to the founda- 
tion. The normal foundation bolts or 
straps are sufficient to hold most build- 
ings on their foundations, but frames 
in areas subject to high winds or earth- 
quakes may require more elaborate at- 
tachments (Figure 9.37). 


FIGURE 9.6 

The combined foundation plan/floor 
framing plan for the simple house illus- 
trated in Figure 9.5. The plan shows the 
relationship of framing to the foundation 
and the size and spacing of all floor fram- 
ing members. Special features such as 
toilets and sinks are shown so that fram- 
ing will be coordinated with their installa- 
tion. (Courtesy of Rainbow Valley Design and 
Construction, Eugene, Oregon) 
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Plywood sheets are When the foundation is complete, 
considerably stiffer along basement beams are placed, sills are 
their length than across bolted to the foundation, and the first- 
their width, so they must floor joists and subfloor are installed. 


be laid with their long 

dimension perpendicular 

to the joists. The end joints 
s are staggered to avoid 
LL lines of weakness 


Joist bridging is required 
by some building codes 


FIGURE 9.7 
Step 1 in erecting a typical platform frame building: the ground-floor platform. Compare this drawing with the floor framing 


diagram in Figure 9.8. Notice that the direction of the joists must be changed to construct the cantilevered bay on the end of 
the building. A cantilevered bay on a long side of the building could be framed by merely extending the floor joists over the 
foundation. The next step is shown in Figure 9.22. 


An extra joist is inserted 
to support the corner of 
the cantilevered bay 


Bridging at midspan is 
required by some codes 


The joists bear on a steel 


resco in the interior of the FIGURE 9.8 
aS EE EEE A framing plan for the 
ground-floor platform 

Figure 9.7. Where joists 


Fireplace opening 
are cantilevered to cre- 


ate an overhanging bay, 
the cantilever distance 
should not exceed 
one-quarter of the total 
length of the joist. 


Double header joists Sheet metal joist hangers 

support the ends of tail are used wherever joists 

joists at floor openings support one another at 
right angles 


Regular joist spacings of 
16” or 24" (406 mm or 

610 mm) are maintained so 
as to align with joints in 


the plywood subfloor Double trimmer joists 


support header joists 
FLOOR FRAMING PLAN 


Connection 


Common Nail Size 


Stud to sole plate 

Stud to top plate 

Double studs 

Corner studs 

Sole plate to joist or blocking 
Double top plate 

Lap joints in top plate 
Rafter to top plate 

Rafter to ridge board 
Jack rafter to hip rafter 
Floor joists to sill or beam 
Ceiling joists to top plate 
Ceiling joist lap joint 
Ceiling joist to rafter 
Collar tie to rafter 

Left-in diagonal bracing 
Tail joists to headers 
Headers to trimmers 


Ledger to header 


3-8d toe nails or 2-16d end nails 
2-16d end nails 


2-16d end nails or toe nails each 


10d face nails 24" apart 
16d face nails 16" apart 
10d face nails 24" apart 
2-10d face nails 

2-10d toe nails 

4-16d toe nails 

4-16d end nails 

3-8d toe nails 

3-8d toe nails 

3-10d face nails 

3-10d face nails 

3-8d face nails 


2-8d face nails each stud or plate 


Use joist hangers 
Use joist hangers 
3-16d face nails per tail joist 
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FIGURE 9.9 

Platform framing members are fastened 

according to this nailing schedule, which 

framing carpenters know by memory and 
which is incorporated into most building 

codes. 


FIGURE 9.10 

Ground-floor framing details, keyed 

to the lettered circles in Figure 9.7. A 
fibrous sill sealer material should be 
installed between the sill and the top 
of the foundation to reduce air leakage 
into basements, but the sealer material 
is not shown on these diagrams. Using 
accepted architectural drafting conven- 
tions, continuous pieces of lumber are 
drawn with an X inside, and intermittent 
blocking is drawn with a single slash. 


g between 
hem 


\- The sill is bolted down 
and leveled before 
framing commences. The 
joists are toe-nailed to the 
sill 


=e 


(a) EDGE DETAIL AT END WALLS 


(b) EDGE DETAIL AT CANTILEVERED JOISTS 


the joists from warping or 
overturning at the 
support and transmits 

/ loads from the interior 

/ bearing partition above 


[eee blocking prevents 


y~-Anchor bolts hold the 
frame to the foundation 


XN 


A wood sill strip equalizes 
wood shrinkage with the 
perimeter of the house 


\ 

A continuous sheet metal 
shield is required in areas 
with a high risk of termite 
infestation 


(C) EDGE DETAIL AT SIDE WALLS (d) DETAIL OF INTERIOR JOIST BEARING 
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> 


FIGURE 9.11 


Carpenters apply a preservative-treated wood sill to a site-cast concrete foundation. Fluffy glass fiber 

sill sealer has been placed on the top of the concrete wall, and the sill has been drilled to fit over the 
projecting anchor bolts. Before each section of sill is bolted tightly, it is leveled as necessary with wood 
shingle shims between the concrete and the wood. As the anchor bolts are tightened, the sill sealer squeez- 
es down to a negligible thickness. A length of completed sill is visible at the upper right. The basement 
windows were clamped into reusable steel form inserts and placed in the formwork before the concrete 


was cast, which causes the window to become integral with the basement wall. After the concrete was cast 


and the formwork was stripped, the steel inserts were removed, leaving a neatly formed concrete frame 
around each window. A pocket in the top of the wall for a steel beam can be seen at the upper left. (Photo by 


Edward Allen) 


In most instances, a sill sealer, a 
compressible strip of fibers or foam, 
should be inserted between the sill 
and the foundation to reduce air in- 
filtration through the gap between 
them (Figure 9.11). This is quite im- 
portant in most cases but is generally 
not necessary or useful for buildings 
with a ventilated crawlspace. 


Floor Framing 


In a floor structure, the parallel piec- 
es are the floor joists, and the cross- 
pieces at the ends of the joists are 


called headers, rim joists, rm boards, 
or band joists, depending on local 
custom. The sheathing on a floor is 
known as the subfloor. 

Houses are typically wider than 
the maximum span of floor joists. 
As an approximation, 2 X 6 joists will 
span up to 8 feet (2.4 m), 2 x 8 joists 
up to 11 feet (3.4 m), 2 x 10 joists up 
to 14 feet (4.3 m), 2 x 12 joists up to 17 
feet (5.2 m), and engineered wooden 
[joists even farther. In any case, it is 
extremely common for at least one 
structural girder or structural wall 
oriented perpendicular to the joists 


to be located at the interior of the 
building to break the joist span into 
two or more sections. This girder typi- 
cally runs the length of the building 
and is itself supported at its ends by 
the foundation wall and at the center 
of the house by columns in the base- 
ment or crawlspace (Figure 9.10d). 
At the level of the second (or third) 
floor, the joists are usually supported 
near the center of the building by 
structural walls (Figure 9.42). 

Floor framing members are usu- 
ally spaced in such a way that the 
ends of uncut subfloor panels will fall 
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FIGURE 9.12 

Installing floor joists. Blocking will be 
inserted between the joists over the two 
interior beams to keep the joists aligned. 
(Photo by Edward Allen) 


FIGURE 9.13 

Workers here are framing the floor struc- 
ture of a new house using 4 x 8 girders, a 
local variation employed in the North- 
west, where lumber is plentiful. The 
girders are supported at their ends by 
pockets in the foundation wall and in the 
center of the house by 4 x 4 posts bear- 
ing on concrete pier pads. The girders 
are spaced at 32 inches o.c.—using the 
same number of board feet of lumber as 
would 2 x 8 joists spaced at 16 inches o.c. 
The money saved on installation labor 
will be spent on thicker sheathing, which 
will have to be !% inches thick to span 
the 32 inches between girders. (Photo by 
Rob Thallon) 


FIGURE 9.14 

Applying oriented strand board (OSB) 
subflooring. (Courtesy of APA—The Engi- 
neered Wood Association) 
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FIGURE 9.15 

For stiffness and squeak resistance, subflooring should be glued to the joists. The 
adhesive is a thick mastic that is squeezed from a sealant gun. (Courtesy of APA—The 
Engineered Wood Association) 


directly over joists; otherwise, many 
panels will have to be cut, wasting 
both materials and time (Figure 9.8). 
The standard joist spacings are 16 or 
24 inches o.c. (406 or 610 mm o.c.; 
“o.c.” stands for “on center,” mean- 
ing that the spacing is measured from 
center to center of the joists). Occa- 
sionally, a joist spacing of 19.2 inches 
(486 mm) is used. Any of these spac- 
ings automatically provides a joist at 
every panel end. 

Once the joists are all nailed 
in place, the subflooring is applied 
(Figure 9.14). Subflooring is nailed 
or screwed to the top edges of the 
joists but should be glued as well to 
prevent squeaking and increase floor 
stiffness (Figure 9.15). Plywood and 
OSB panels must be laid with the 
grain of their face layers perpendic- 
ular to the direction of the joists be- 
cause these panels are considerably 
stiffer in this orientation. Sheathing 
and subflooring panels are normally 
manufactured % inch (3 mm) short 
in each face dimension so that they 
may be spaced slightly apart at all of 
their edges. This spacing prevents the 
floor from buckling when rain damp- 
ens the wood panels during construc- 
tion, causing them to expand. 

Bridging, which is the crossbrac- 
ing or solid blocking between joists 
at midspan, is a traditional feature 
of floor framing (Figure 9.16). Its 
function is to hold the joists straight 
and to help them share concentrated 
loads. Although many building codes 
no longer require it, bridging should 
be used on better-quality buildings 
because it makes a noticeable differ- 
ence in the rigidity of a floor. 


FIGURE 9.16 

Bridging between joists may be solid 
blocks of joist lumber, diagonal wood 
crossbridging, or, as seen here, diagonal 
steel crossbridging. During manufacture, 
the thick steel strip was folded across its 
width into a V-shaped section to make it 
stiff. Steel crossbridging requires only 
one nail per piece and no cutting, so it is 
the fastest to install. (Courtesy of American 
Plywood Association) 


Openings in the floor for stairs 
and chimneys are framed with headers 
and trimmers (Figure 9.17). The head- 
ers and trimmers are usually made of 
the same material as the floor joists 
and are doubled to support the high- 
er loads placed on them by the pres- 
ence of the opening. 

Where ends of joists butt into 
supporting headers, such as around 
stair openings and at changes of 
joist direction for projecting bays, 
end nails and toe nails cannot carry 
the full weight of the joists, so sheet 
metal joist hangers must be used. Each 
hanger provides a secure pocket for 
the end of the joist and has punched 
holes into which a number of special 
short nails are driven to make a safe 
connection. 

Manufactured joists are increas- 
ingly used in place of sawn joists be- 
cause they can span farther between 
supports, they tend to be straighter, 
and they expand and contract less 
with changes in moisture content 
(Figure 9.18). The drawback of 
I-joists is that, because of the thinness 
of the web, they are not as strong in 
the vertical direction (compression) 
as dimension lumber, so they must be 
reinforced with web stiffeners or squash 
blocks at locations where concentrat- 
ed loads such as bearing walls occur 
(Figure 9.20). 

Engineered wood members di- 
mensioned to coordinate with I-joists 
are manufactured for specialized 
locations and situations. Rim board 
members made of laminated strand 
lumber (LSL) have less spanning ca- 
pacity than I-joists, but they are strong 
in the vertical direction (Figure 9.21). 
Insulated rim board relieves contrac- 
tors of the awkward task of installing 
insulation by hand between floors 
(see Chapter 17). LVL and parallel 
strand lumber (PSL) members may 
be substituted for I-joists where extra 
strength is required. 
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Doubled trimmer joist 
adjacent to opening 


Header joist supported 
by trimmer 


i 
SS OS Spore ny cede 
eo SSS 


FIGURE 9.17 

Openings in floor framing for stairs, chimneys, or ducts are made by cutting out the 
joists that would project through the opening. The ends of the cut joists are supported 
on a header that is, in turn, supported on doubled joists at the sides of the opening. 


FIGURE 9.18 
Various types of manufactured joists and floor trusses are often used instead of 


dimension lumber. This I-joist has LVL flanges and a plywood web. I-joists are manu- 
factured in very long pieces and tend to be straighter, stronger, stiffer, and lighter 

in weight than sawn joists. See also Figures 4.29 and 9.21. (Courtesy of Trus Joist, A 
Weyerhaeuser Business) 
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FIGURE 9.19 

These floor trusses (shown here being 
set up for a demonstration house in a 
parking lot) are made of sawn lumber 
members joined by toothed plate con- 
nectors. The OSB web at each end of 
the truss allows workers to shorten the 
truss with a saw if necessary. Trusses are 
deeper than sawn joists or I-joists, but 
can span farther between supports and 
offer large passages for ductwork and 
Pipes. (Courtesy of Structural Building Com- 
ponents Association) 


; Bearing wall 
— Subfloor 


ee 
FIGURE 9.20 CLA Web stiffener 
Web stiffeners and squash blocks reinforce <{ < 
manufactured I-joists at locations where 2x4 SS 
they must support concentrated loads. ei 
Web stiffeners are usually made of OSB or > Wood Ljoists 
plywood fastened to both sides of the web. N 
SN 
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FIGURE 9.21 

Manufactured I-joists with an LSL rim 

board. Manufacturers coordinate the depths 
(heights) of LSL, PSL, and LVL members 
with those of I-joists so that the specialized 
members can be integrated with regular floor 
framing. (Courtesy of Trus Joist, A Weyerhaeuser 
Business) 
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platform on which to assemble the first- 
floor wall frames. The assembled 
frames are tilted up into place, nailed 
to the floor and to one another, and 
supported by temporary braces. 


The subfloor makes a convenient 


The upper top plate 
(b) 


overlaps the lower top 


plate at corners to join the 
walls 


1] XK; 


FIGURE 9.22 


Step 2 in erecting a platform frame building: 


| 


The ground-floor walls are framed. 


~ 
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~ 
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FIGURE 9.23 
Typical ground-floor 


wall framing details. 


The exterior walls 


END WALL 


INTERIOR BEARING WALL 


SIDE WALL 


are keyed by letter to 
Figure 9.22. 
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Wall Framing 


In a wall structure, the vertical fram- 
ing member is called a stud and is 
generally made of 2 x 4 or 2 X 6 lum- 
ber. The crosspiece at the bottom of 
the wall is called the sole plate, and 
the crosspiece at the top (which is 
doubled for strength if the wall bears 
a load from above) is called the top 
plate (Figure 9.23). Wall framing, like 
floor framing, is laid out in such a way 
that a framing member, in this case 
a stud, occurs under each vertical 
joint between sheathing panels. The 
lead carpenter initiates wall framing 
by marking the stud locations on the 
two pieces of lumber destined to be 
the top plate and sole plate of each 
wall (Figure 9.24). Other carpenters 
follow behind to cut the studs and as- 
semble the walls in a horizontal posi- 
tion on the subfloor. As each section 
of wall is completed, the carpenters 
tilt it up and nail it into position, 
bracing it temporarily as needed 
(Figures 9.25 to 9.28). 


FIGURE 9.24 

The lead carpenter aligns the top plate 
and sole plate side by side on the floor 
platform and marks each stud location 
on both of them simultaneously. This 
is the first step in constructing a wall 
frame. (Photo by Edward Allen) 
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FIGURE 9.25 
Assembling studs to a plate, using a pneumatic nail gun. The triple studs are for a 
partition intersection. (Courtesy of Senco Products, Inc.) 
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FIGURE 9.26 

Tilting an interior partition into position. 
(Courtesy of APA-The Engineered Wood 
Association) 


FIGURE 9.27 

Fastening a wall to the floor platform. 
The horizontal blocks between the studs 
will receive horizontal lines of nails used 
to attach vertical wood siding. (Courtesy of 
Senco Products, Inc.) 


FIGURE 9.28 

Ground-floor wall framing is supported 
by temporary diagonal bracing. After the 
upper-floor framing is in place and wall 
bracing or sheathing has been com- 
pleted, the frame becomes completely 
self-bracing and the temporary bracing is 
removed. The outer walls of this building 
are framed with 2 x 6s (38 x 140 mm) to 
allow for a greater thickness of thermal 
insulation, whereas the interior parti- 
tions are made of 2 x 4s (38 x 89 mm). 
(Photo by Joseph Iano) 
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Single top plate 


Joists 


Leeceeeac) 
blocking 48" (1200 mm) 
apart supports the top of 
the partition 


A 1x 8(19 mm x 184 mm) 
nailer provides nailing 
surfaces for the ceiling 
material edges 


Studs 


Solid blocking under 
studs 


om plate 
7 Subfloor 


Joists 
FIGURE 9.29 
Framing details for pa i 
‘ A nonbearing partition nonbearing partition paralle. 
nonloadbearing perpendicular to the joists to the joists may be supported 
interior partitions. is framed very simply. by a double joist beneath, or by 


transverse blocking between 
joists as shown 


(a) (b) 


Exterior walls typically support 
roof loads and/or floor loads from 
above and thus are classified as bear- 
ing walls. At the interior of the build- 
ing, however, walls may or may not 
support loads from above. Interior 
walls that do support those loads are 
called interior bearing walls, and those 
that carry no loads are referred to 
as nonbearing walls or partition walls 
(Figure 9.29). 

Corners and intersections be- 
tween bearing and partition walls 
must provide sufficient nailing sur- te) @ 
faces for the edge of each plane of FIGURE 9.30 
exterior and interior finish materials. Plan views of two ways to frame an exterior corner (a and 5) and an intersection of 
This requires a minimum of three _ exterior and interior walls (c and d). Drawings b and d show more environmentally 
studs at each intersection, unless responsible details that use less wood and allow for more insulation in the exterior wall. 


1. This is the layout of a typical 
exterior wall. It meets two other 
exterior walls at the corners, and a 
partition wall in the middle. It has two 
rough openings, one for a window and 
one for a door. 


C.D 


A,B 


4. The framer begins by marking all 

the stud and opening locations on the 
sole plate and top plate. The "special" 
studs are cut and assembled first: two 
comer posts, a partition intersection, 
and full-length studs and supporting 
studs for the headers over the openings. 


3. The wall is next filled with common and 
cripple studs on a regular 16" (400 mm) 

or 24" (600 mm) spacing, to provide support 
for edges of sheathing panels. 


FIGURE 9.31 


Basic procedure for wall framing. The corner and intersecting wall details indicated in 


the middle drawing are shown in Figure 9.30. 
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special metal or plastic clips are used 
to reduce the number (Figures 9.31 
and 9.32). 

Windows and doors require spe- 
cial framing to create a rough open- 
ing in the wall where the window or 
door unit will later be installed (Fig- 
ure 9.33). For bearing walls, a struc- 
tural header across the upper edge 
of the rough opening supports loads 
from floors and/or a roof above. The 
ends of headers are supported on 
trimmer studs, which are attached to 
king studs that extend from bottom 
to top plate to keep the trimmer and 
header aligned with the plane of the 
wall. At the bottom of a window open- 
ing, a rough sill serves to keep the 
studs below the window in alignment. 

Window headers and door head- 
ers must be sized in accordance with 
building code criteria (Figure 9.35). 
Typically, a header consists of two 
nominal 2-inch (5l-mm) members 
standing on edge, combined with a 
plywood spacer that serves to make 
the header as thick as the depth of the 
2 x 4.wall studs. Headers for 2 x 6 stud 
walls are usually designed to include 
insulation as part of the wall assembly 
Headers for long spans and/or heavy 
loads are often made of LVL or PSL, 
either of which is stronger and stiffer 
than dimension lumber. 


Walls as Bracing 


The wall sheathing, which is made 
of rigid panels (usually OSB), acts as 
permanent bracing for the walls and 
is applied as soon as possible after the 
wall is framed. Many builders apply 
sheathing to each wall while it still lies 
flat on the floor platform. Some types 
of sheathing panels, such as insulat- 
ing plastic foam, are intended only as 
thermal insulation and have no struc- 
tural value. Where these are used, 
let-in diagonal bracing is recessed into 
the outer face of the studs of each 
wall before it is erected (Figure 9.36). 
The let-in brace is either a wood 1 x 
4 or a galvanized steel section shaped 
to resist compressive forces. To be 
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FIGURE 9.32 

Interior partition walls framed for resource 
efficiency. Note the single top plate, the lack of 
headers at openings, and the black recycled plastic 
drywall clips that allow an interior corner to be 
made with a single stud. (Photo by Rob Thallon) 


Cripple studs support the 
double top plate 
Top De $x 
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+—— The header spans 
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5 header header and 
= & trimmer 
2 3S S + — Rough opening —+ aligned in 
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SO . of the wall 
o —— Rough sill 
= s LU 2 \ 
x 
Cripple studs NJ 
support the 
rough sill 
— Sole plate 
¥ Es 
(a) SECTION THROUGH A (b) ELEVATION OF A 
WINDOW OPENING WINDOW OPENING 
FIGURE 9.33 


Framing components for a window or door rough opening in a wall. The 
cripple studs above the header and below the rough sill are laid out to 
correspond with the spacing of common studs. 


(a) 


FIGURE 9.34 

A window rough 
opening with all of 
the components 
labeled in Figure 
9.33. Notice how, in 
this case, the rafters 
are aligned directly 
over the studs. (Photo 
by Rob Thallon) 


(b) (c) 


FIGURE 9.35 

Three ways to frame a structural header, as viewed 
from inside the building. (a) A standard header 

in a 2 X 4 wall with two 2X structural members 
spaced % inch apart to align with the face of the 
studs. (b) An insulated header in a 2 X 6 wall with 
the structural member notched into the stud and a 
2 X 6 at the base to provide nailing at the inte- 
rior. (c) An open-box plywood header where the 
sheathing has special nailing and is calculated to 
act together with the top plate and rough opening 
framing to form a structural header. 


FIGURE 9.36 
Applying a panel of insulating foam sheathing. Because this type of sheathing is too 
weak to brace the frame, diagonal bracing is inserted into the outside faces of the studs 
at the corners of the building. Steel bracing, nailed at each stud, is used in this frame 
and is visible just to the right of the carpenter’s leg. (Courtesy of Celotex Corporation) 


effective, diagonal braces must have 
no less than a 30-degree angle be- 
tween braces and studs; 45 degrees is 
preferred. 

Walls braced with — structural 
sheathing (or let-in bracing) are 
called shear walls, which means that 
they provide resistance to lateral 
forces exerted by wind or earth- 
quakes. They are typically, though 
not necessarily, located only at the 
exterior of the building. For simple 
one-story houses located outside of 
regions with severe winds or earth- 
quakes, properly nailed sheathing or 
diagonal bracing will typically suffice 
to brace the building. 
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However, there are many condi- 
tions that call for more extreme mea- 
sures. For example, where shear walls 
are narrow (codes require a width no 
less than 1/3.5 height), their connec- 
tion to the foundation must be stron- 
ger than is possible with standard 
wall/foundation framing techniques. 
In this case and any other where ex- 
tra strength is required of a shear 
wall, metal hold-downs are installed 
(Figures 9.37 to 9.40). In some condi- 
tions such as in active seismic zones or 
for very tall buildings, the frequency 
of anchor bolts may need to be in- 
creased and/or the sole plate may 
need to be thicker to allow for more 


Upper-floor 
platform 


Steel angle with 
welded stiffener 
plate 


Threaded anchor 
rod 


Ground-floor 
platform 


Foundation: 


FIGURE 9.37 

Tall, narrow platform frame buildings 

in areas subject to high winds or earth- 
quakes must sometimes be reinforced 
against uplift at the corners. Hold-downs 
of the type shown here tie the entire 
height of the building securely to the 
foundation. To compensate for wood 
shrinkage, the nuts should be retightened 
after the first heating season, which can 
mean that access holes must be provided 
through the interior wall surfaces. 
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nailing at the base of sheathing panels 
(Figure 22.25). 

Coordination between founda- 
tion and framing subcontractors is 
important (and often neglected) 
when locating hold-down bolts in the 
foundation. These bolts must be lo- 
cated fairly accurately in relation to 
the framing in order to perform ef- 
fectively. It is possible to install these 
bolts after the foundation has cured, 
but this requires concrete drilling 
and epoxy and a special inspection by 
an engineer. 


a 
€ 


FIGURE 9.38 


FIGURE 9.39 
Shear wall testing. The strength of panels, panel nailing, and 
attachment are tested in laboratories in order to establish 

standards for use in the field. (Courtesy of APA—The Engineered 
Wood Association) 


Sat TIES 


Wall Framing for Increased 
Thermal Insulation 


The 2 x 4 (38 x 89 mm) has been the 
standard wall stud since light framing 
was invented. In recent years, howev- 
er, pressures for heating fuel conser- 
vation have led to building codes that 
often require more thermal insulation 
than can be inserted in the cavities of 
a wall framed with 2 x 4s. Some design- 
ers and builders have simply adopted 
the 2 x 6 (38 x 140 mm) as the stan- 
dard stud for exterior walls, usually at 


Manufactured shear panels are used to provide lateral strength 
in locations where insufficient width is available for a conven- 
tional shear wall. The panels are bolted to the foundation at 
their lower corners with special hardware provided by the panel 
manufacturer; in this case, the upper panels are bolted to the 
tops of the lower panels, as in Figure 9.37. The most common 
use of manufactured shear panels is at both sides of a garage 
door. (Image courtesy of Simpson Strong Tie Co., Inc.) 


a spacing of 24 inches (610 mm). Oth- 
ers have stayed with the 2 x 4 stud but 
cover the exterior wall with insulating 
plastic foam sheathing, either inside 
or out, thus reaching an insulation 
value about the same as that of a 2 x 
6 wall. Many use both 2 x 6 studs and 
insulating sheathing to achieve even 
better thermal performance. In very 
cold climates, some designers provide 
still more space for thermal insulation 
with exterior walls that are framed 
in two separate layers or with vertical 
truss studs made up of two ordinary 
studs joined at intervals by plywood 
plates. Some of these constructions 
are illustrated in Figure 17.20. 
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FIGURE 9.40 

This hold-down near the corner of the building connects wood to 
concrete with greater strength than is possible with anchor bolts alone. 
The assembly will be completed with sheathing firmly nailed to the 
wood framing to which the hold-down is bolted. (Courtesy of Rainbow 
Valley Design and Construction) 


When the first-floor walls are complete 
and sheathed, much of the temporary 


cA bracing can be removed. The second- 


a floor platform is framed the same as 
the first, with its joists resting on the 
double top plates of the first-floor 
walls. 


FIGURE 9.41 
Step 3 in erecting a two-story platform frame 
building: building the upper-floor platform. 
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Upper-Floor Framing 


Second, third, and fourth floors are 
framed using the same materials and 
methods as for the ground floor. The 


tops of the walls of the lower floor 
provide the support for the floor 
joists, which, in turn, support a sub- 
floor. Where floor joists are parallel 
with the wall below, extra framing 


a 


(a) SIDE WALL 


FIGURE 9.42 


(b) INTERIOR BEARING WALL 


A2x4(38mm x 89 mm) 
nailer provides a nailing 
surface for the ceiling 

material at the end walls 


must be added to provide nailing for 
the finish ceiling (Figure 9.42c). The 
walls for upper floors are made ex- 
actly the same as those on the ground 
floor. 


(c) END WALL 


Details of the second-floor platform, keyed to the letters in Figure 9.41. The extra piece of lumber on top 
of the top plate in (c) is continuous blocking whose function is to provide a nailing surface for the edge of 
the finish ceiling material, which is usually either gypsum board or veneer plaster base. 


FIGURE 9.43 

Installing upper-floor subflooring. The 
grade of the plywood panels used in this 
building is C-C Plugged, in which all 
surface voids are filled and the panel is 
lightly sanded to allow carpeting to be in- 
stalled directly over the subfloor without 
additional underlayment. The long edges 
of the panels have interlocking tongue- 
and-groove joints to prevent excessive 
deflection of the edge of a panel under a 
heavy concentrated load such as a stand- 
ing person or the leg of a piano. (Courtesy 
of APA-The Engineered Wood Association) 
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Wall framing procedures for the 
second floor are identical to those for 
the first floor. 


vs 2 


\) 


FIGURE 9.44 

Step 4: The second-story walls are 
framed. The next step is shown in 
Figure 10.16. 
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Stair Framing 


Interior stairways are typically framed 
using 2 X 12 lumber or LVL that is 
notched to receive the treads and ris- 
ers of the stair. These are called string- 
ers or stair jacks, and there are usually 
three of them, one on either side of 
the stair and one in the middle (Fig- 
ure 9.46). In a similar fashion to raf- 
ters, one stringer is laid out with a 
framing square, and this one is cut as 
a pattern for the other two. Stringers 
adjacent to framed walls are normally 
spaced away from the wall with a 2 x 4 
in order to allow finish wall materials 
to slip down alongside the stringers 
without having to be notched to fit 
around the stairs. 

For reasons of safety, building 
codes are very strict about the dimen- 
sions and proportions of stairways 
(Figure 9.49). Residential stairs must 
be a minimum of 3 feet (915 cm) 
wide, with a continuous handrail on 
one side and adequate head clear- 
ance. Each step can have a maximum 
vertical mse of 734 inches (197 cm) 
and a minimum horizontal run of 10 
inches (254 cm), and there can be 


‘ 


pte 


a maximum % -inch (10-cm) varia- 
tion between the steps in a flight. 
Landings—framed like small floors— 
are common and must be as deep as 
the stairway is wide. 

A discussion of finish carpentry 
in relation to stairways can be found 
in Chapter 20 (Figures 20.27 through 
20.31). 


FIGURE 9.45 

Steel columns and beams are often 
incorporated into large multifam- 
ily residential buildings where 
structural loads can be extreme. 
(Photo by Rob Thallon) 


Figure 9.46 

Residential stairways are usually framed 
with three stringers. The top of this stair 
is framed differently than the stair illus- 
trated in Figure 9.47. Each riser must be 


the same height, except that the bottom 
and top risers are usually different at the 
framing stage in anticipation of finish 
flooring materials to be added later. 
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FIGURE 9.47 
A section through the framing of a 
typical interior residential stairway. 


The top of each stringer is 
often suspended on a 1x2 
(19mm x 38 mm) nailed into 
its edge. An ordinary stair 
usually has three or four 
parallel stringers to 
support the treads and 


ae risers 
The stringer is cut from a 


2 x 12 (38mm x 286 mm). The 
cuts are laid out with a 
framing square, using 
previously determined 
tread and riser 

dimensions 


A 2x4 (38mm x 89mm) 
thrust block keeps the 
stringers from sliding 


Double joists support the 
top and bottom of the stair 


FIGURE 9.48 

A typical residential stair with a 
split landing. Interior stairways 
are usually framed as soon as 
the upper-floor platform has 
been completed. This gives the 
carpenters easy up-and-down 
access during the remainder 
of the work. Temporary treads 
of joist scrap or plywood are 
nailed to the stringers. These 
will be replaced by finish 
treads after the wear and tear 
of construction is finished. 
The blocking between studs 
provides a code-required 
firestop. Additional blocking 
will be added at locations 
where handrails need to be 
securely fastened to the walls. 
(Photo by Rob Thallon) 


246 / Part Three * Wood Light Frame Construction 


Minimum headroom 6'- 8" (2031 mm)| 


2'-10” to 3'-2” 


Total rise 


———owww mwa «2 


FIGURE 9.49 
Code-mandated clearances and terminology 
for wood-framed residential stairs. 


Total run 
| 


C.S.1./C.S.C. 
MasterFormat Section Numbers for Framing 


06 10 00 ROUGH CARPENTRY 


06 11 00 Wood Framing 

06 15 00 Wood Decking 

06 16 00 Sheathing 

06 17 00 Shop-Fabricated Structural Wood 
06 18 00 Glued-Laminated Construction 


SELECTED REFERENCES 


1. Thallon, Rob. Graphic Guide to Frame 
Construction (3rd ed.). Newtown, CT: 
Taunton Press, 2008. 


A complete visual handbook of wood 
frame construction for architects, build- 
ers, students, and owner/builders. “An 
invaluable reference for experienced de- 
signers and builders; an essential aid for 
beginners,” according to the NAHB. 


Kery TERMs AND CONCEPTS 


balloon frame 

platform frame 

sheathing 

working drawings (construction 
drawings) 

floor plan 

building elevation 

section 

foundation plan 

floor framing plan 

roof framing plan 

rough carpentry 

sill (mudsill) 

floor joist 

header 

rim joist 


REVIEW QUESTIONS 


1. Draw a series of very simple section 
drawings to illustrate the procedure for 
erecting a platform frame building, start- 
ing with the foundation and continuing 
with the ground floor, the ground-floor 
walls, the second floor, the second- 
floor walls, and the roof. Do not show de- 
tails of connections but simply represent 
each plane of framing as a heavy line in 
your section drawing. 

2. Draw from memory the standard detail 
sections for a two-story platform frame 


EXERCISES 


1. Visit a building site where a wood plat- 
form frame is being constructed. Com- 
pare the details that you see on the site 
with the ones shown in this chapter. Ask 
the carpenters why they do things the 
way they do. Where their details differ 
from the ones illustrated, make up your 
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2. International Code Council. 2009 
International Residential Code for One- and 
TwoFamily Dwellings. Falls Church, VA: 
International Code Council, 2009. 


The definitive legal guide for platform 
frame residential construction. Updated 
regularly. 

3. American Forest and Paper Asso- 
ciation. Span Tables for Joists and Rafters. 


rim board 
band joist 
subfloor 
girder 
bridging 
header 
trimmer 
joist hanger 
Ljoist 

web stiffener 
squash block 
stud 

sole plate 
top plate 
bearing wall 
interior bearing wall 


dwelling. (Hint: The easiest way to draw 
a detail section is to draw the pieces in 
the order in which they are put in place 
during construction. If your simple draw- 
ings from the preceding question are cor- 
rect, and if you follow this procedure, you 
will not find this question so difficult.) 


3. What are the differences between 
balloon framing and platform framing? 
What are the advantages and disadvan- 
tages of each? Why has platform framing 
become the method of choice? 


own mind about which ones are better 
and why. 

2. Develop floor framing plans for a build- 
ing you are designing. Estimate the ap- 
proximate sizes of the joists based on your 
observations at building sites. 


Washington, DC: American Forest and 
Paper Association. 

This is the standard reference for the 
structural design of platform frame apart- 
ments and single-family residences. Up- 
dated frequently. 


nonbearing wall (partition wall) 
rough opening 
trimmer stud 
king stud 

rough sill 
window header 
door header 
diagonal bracing 
shear wall 
hold-down 
stringer 

stair jack 

rise 

run 


4. Why is firestopping not usually re- 
quired in platform framing? 

5. Why is a steel beam or glue-laminated 
wood beam preferred to a solid wood 
beam at the foundation level? 


6. How is a platform frame building bra- 
ced against wind and earthquake forces? 


7. Light framing of wood is highly com- 
bustible. In what different ways does a 
typical building code take this fact into 
account? 


3. Build a scale model of a platform 
frame building from basswood or pine, 
reproducing accurately all its details, as a 
means of becoming thoroughly familiar 
with them. Better yet, build a small frame 
building for someone at full scale, per- 
haps a toolshed, playhouse, or garage. 


¢ History 
¢ Roof Types and Parts 


¢ Building the Roof 


Attaching the Roof to the Walls 
Roof Framing 

Roof Trusses 

Sheathing 

Eave and Rake 


ROOF FRAMING 


¢ Wood Framing and 
the Building Codes 


¢ The Uniqueness of Wood 
Light Frame Construction 


¢ Building Green with 
Wood Framing 
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HISTORY 


The roof is often the most expressive 
part of a house, symbolic of shelter, 
and functionally important for its 
capacity to protect the house from 
the elements. These basic truths cut 
across centuries of construction in 
North America and extend to other 
cultures as well. As in centuries past, 
roof framing requires some of the 
most skilled craftsmanship of an en- 
tire construction project. Compound 
angles must often be cut to join fram- 
ing members, and sophisticated ven- 
tilation systems must be incorporated 
into the work. 

Roof framing, like wall and floor 
framing, made a gradual transition 
from the heavy timber frame of the 
mid-19th century to the platform 
frame of the early 20th century. Early 
light frame rafters were often tapered 
from bottom to top, and some were 
notched into the top plate of the wall 
with a chisel—a remnant of timber 
frame craftsmanship. By the time 
platform framing became popular 
with builders, roof members were 
simple elements with regular dimen- 
sions, and the joinery was simplified 
so that each piece could be cut at the 
construction site with a handsaw and 
joined with nails. This basic system is 
still in place today, and a roof made 
in this way is said to be “stick framed” 
(Figure 10.1). 

Roof framing with trusses began 
about the middle of the 20th century. 
Aseries of trusses spans from one side 
of a building to the other, replacing 
both rafters and ceiling joists. Each 
truss is composed of a number of 
small framing members (usually 2 x 
4s or 2 X 6s) that are connected us- 
ing toothed plate connectors. Truss 
framing is now very common and is 
often combined with stick framing 
(Figure 10.2). Both truss framing 
and stick framing are discussed in 
this chapter. 


FIGURE 10.1 

Roof framing can allow for complicated sets of overlapping forms. The possibilities 
are limited only by the spanning capacity of the materials and by basic rules of 
drainage. The roof in this photo has been carefully designed for stick framing, while 
the roof in Figure 10.2 is made primarily with trusses. (Photo by Rob Thallon) 


FIGURE 10.2 
Custom-manufactured roof trusses span the major spaces to make the roof of this 


house. The gaps between the trusses that are created by the complex geometry of 
the plan will be filled in on the job with stick framing. (Photo by Rob Thallon) 


RooF TYPES AND PARTS 


The generic roof shapes for wood 
light frame buildings are shown in Fig- 
ure 10.3. These are often combined to 
make roofs that cover more complex 
plan shapes and building volumes. 
The parts of a roof have traditional 
names that are useful when discuss- 


Gambrel roof 


FIGURE 10.3 

Basic roof shapes for wood light 
frame buildings. These forms are 
employed in various combinations 


ing their design or construction (Fig- 
ure 10.4). The level, low edge of a roof 
is called an eave, and the sloping edge 
of a roof is called a rake. The level in- 
tersection of roof planes at their high- 
est point is called the ridge. The slop- 
ing intersection of two roof planes is 
either called a valley if water drains 
toward it or a hip if water drains away 
from it. A small roof (with its support- 


FIGURE 10.4 
Traditional centuries-old names for 
the parts of a roof. 


to roof virtually every residential 
building on the continent. 
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ing walls) built within a larger roof 
plane is a dormer Depending on its 
roof shape, a dormer is labeled a shed 
dormer, a hip dormer, or a gable dormer. 
In a sloping roof, the paral- 
lel members are called rafters. The 
simplest use of rafters is to form a 
shed roof in which the rafters are 
supported at both ends by walls 
(Figure 10.5). The span of the rafters 


FIGURE 10.5 

A simple shed roof with walls supporting 
both ends of each rafter. The horizontal 
distance between walls is the span of the 
rafter. 
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Ridge beam 


Ridge beam 
Support 


Ridge board 


FIGURE 10.6 

There are two basic ways to support 

a gable roof. (a) A structural ridge 

beam supports rafters at their top end 
so that the volume under the roof is 
incorporated into the living space. Ridge 
beams must be supported at both ends. 
(b) Ceiling joists attach to the base of 
opposing rafters, forming a structural 
triangle that spans from wall to wall even 
though each rafter spans only half of 
that distance. 


FIGURE 10.7 

A structural ridge beam spanning from 
one end of the building to the other 
supports the ridge of this small cottage, 
allowing the interior space to follow the 
roof slope. One carpenter is construct- 
ing a small shed dormer while the other 
makes a temporary scaffolding to access 
the eave. (Photo by Donald Corner) 


FIGURE 10.8 

The structural ridge beam in this garage/ 
shop supports the top ends of the raf- 
ters, allowing the interior space to follow 
the roof slope. The loads are great, so 
the ridge beam is made of a glulam tim- 
ber, which is supported on tubular steel 
columns. (Photo by Rob Thallon) 


is the horizontal distance between 
the walls. Combining two rafter spans 
to make a gable roof can double the 
width of the space covered by the 
roof. When a structural ridge beam 
supports the top ends of the rafters, 
it is essentially the combination of 
two shed roofs that has created the 
space below, and the shape of that 
space conforms to the underside of 
the rafters (Figure 10.6). To elimi- 
nate the need for a ridge beam, op- 
posing rafters can be tied to one an- 
other at their bases, forming a simple 
triangular truss. The opposing rafters 
are connected at their top ends to a 
nonstructural ridge board, which helps 
to keep them aligned, and at their 
bases to ceiling joists, which support 
a level ceiling over the space below 
(Figure 10.6). 

Figure 10.13 shows the princi- 
pal components of a framed roof 
assembly. The typical rafter extend- 
ing from wall to ridge is called a 
common rafter. At hips and valleys, 
long, diagonal rafters called hip raf- 
ters or valley rafters support a series 
of shorter rafters called jack rafters. 
The hip rafter or valley rafter must 
be stronger than a common rafter 
because it is longer and supports 
more roof load. A roof framed with 
2 x 8 common rafters, for example, 
would require a 2 X 10 or a 2 x 12 
valley rafter. 


BUILDING THE ROOF 


Attaching the Roof to 
the Walls 


The double top plate of the wall 
functions as a base for the roof 
framing—each rafter of which is at- 
tached to it. In order to create full 
bearing on the top plate, the rafters 
are notched with a bird’s mouth (Fig- 
ure 10.9). This allows the rafters to 
be toe-nailed to the top plate. Block- 
ing between rafters at the top plate 
is needed to keep them aligned. In 
areas subject to high winds or earth- 
quakes, metal angle clips attached 


with nails are required at each raf- 
ter connection for extra strength. At 
rake walls, the wall sheathing can be 
extended up and nailed to the raf- 
ters to strengthen the connection 
between wall and roof. 


Roof Framing 


While a college-graduate architect or 
engineer would find it difficult to lay 
out the rafters for a sloping roof us- 
ing trigonometry, a carpenter, with- 
out resorting to mathematics, has 
little problem making the layout if 
the pitch (slope) is specified as a ra- 
tio of rise to run. Rise is the vertical 
dimension and run is the horizontal. 
In the United States, pitch is usually 
given on the architect’s drawings as 
inches of rise per foot (12 inches) 
of run. An old-time carpenter uses 
these two figures on the two edges 
of a framing square to lay out the 
rafter as shown in Figures 10.10 and 
10.11. The actual length of the raf- 
ter is never figured, nor does it need 
to be, because the square is used to 
make all the measurements as hori- 
zontal and vertical distances. The 
head carpenter lays out only one 
rafter of each type using these proce- 
dures. This then becomes the pattern 
rafter from which other carpenters 
trace and cut the remainder of the 
rafters (Figure 10.12). Today, many 
carpenters prefer to do rafter layout 
with the aid of tables that give actual 
rafter lengths for various pitches and 
horizontal distances; these tables are 
stamped on the framing square itself, 
printed in pocket-sized booklets, or 
displayed on the screen of specialized 
roof framing calculators. 

Hips and_ valleys introduce 
another level of trigonometric com- 
plexity in rafter layout, but the 
experienced carpenter has little dif- 
ficulty even here. Again, he or she 
can use published tables for hip and 
valley rafters or do the layout the tra- 
ditional way, as illustrated in Figure 
10.13. To avoid framing valley raf- 
ters at the intersection of two roofs, 
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FIGURE 10.9 

Rafters must be notched to provide a 
level surface to bear on top of the wall. 
The notch is called a “bird’s mouth.” 


a farmer’s valley can be constructed 
by framing the second, smaller roof 
over the common rafters of a previ- 
ously framed roof. This procedure is 
commonly called overframing, and it 
simplifies the roof framing consid- 
erably, but it eliminates the ability 
to connect the spaces below the two 
roofs (Figure 10.14). 

The process of roof framing be- 
gins with the truing of the walls. All 
walls are made straight, plumb, and 
square, and are held in place with 
temporary diagonal braces. The next 
step for most roofs is to place the 
ridge board or beam in position so 
that the rafters have a place to attach 
at the top. The ridge is usually sup- 
ported on a temporary post until a 
sufficient number of opposing rafter 
pairs are nailed in place to support 
it (Figure 10.16). With the ridge in 
place, the rafters are attached, one at 
a time, to gradually stiffen the assem- 
bly. At the ridge, the rafters are either 
toe-nailed or end-nailed, depending 
on the thickness of the ridge itself. 
Temporary diagonal bracing is usu- 
ally required to keep the roof fram- 
ing aligned before the sheathing is 
applied. 
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10. The plumb cut for the 
ridge board is laid out, 
and the pattern rafter is 
ready to cut. The rest of 
the rafters are traced from 
the pattern rafter 


oof pitches in the United States 
are usually specified as inches 
of rise per 12 inches of 
run. If the rise is 10 in 12, 
the framer holds the 
square as shown to mark 
cuts on the pattern rafter 


3-9. The run of the rafter 
is stepped off in 1-ft 
horizontal increments 


(a) RIDGE 


The ridge board aligns 
the tops of the rafters and 
supports the top edges of 
the roof sheathing 


The bird’s mouth cut gives 


/ the rafter a level bearing 
7 on the top plate of the 
¢ wall \ 
~ Collar ties are required 


——2. The plumb and level 
cuts are laid out for the 
bird's mouth 


near the ridge on steep 
roofs to prevent uplift of 
the roof planes in high 
winds 


1. The plumb cut and 
level cut for the eave are 
laid out first, and the 
horizontal distance to the 
bird's mouth is measured 
along the blade of the 
square 


The interior junction of 
the ceiling joists must be 
sufficiently strong to 
transmit the roof thrust 


The ceiling joists are 
securely face-nailed to the 
rafters to resist the 
outward thrust of the roof 
structure 


The details of the rafter 

cuts outside the 

bird's mouth are 

determined solely by the 

desired overhang and 

(b) EAVE fascia details. Many (c) INTERIOR BEARING OF CEILING JOISTS 
variations are possible 


FIGURE 10.10 
Roof framing: The lettered details are keyed to Figure 10.29. The remainder of the diagram shows how a framing square is 
used to lay out a pattern rafter, reading from the first step at the lower end of the rafter to the last step at the top. 
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FIGURE 10.11 

A framing square being used to mark 
rafter cuts. The run of the roof, 12 inch- 
es, is aligned with the edge of the rafter 
on the blade of a square, and the rise, 

7 inches in this case, is aligned on the 
tongue of the square. A pencil line along 
the tongue will be perfectly vertical when 
the rafter is installed in the roof, and one 
along the blade will be horizontal. True 
horizontal and vertical distances can 

be measured on the blade and tongue, 
respectively. (Photo by Edward Allen) 


FIGURE 10.12 

Tracing a pattern rafter to mark cuts for 
the rest of the rafters. The corner of 
the building behind the carpenters has 
let-in corner braces on both floors, and 
most of the rafters are already installed. 
(Courtesy of Southern Forest Products 
Association) 
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FRAMING PLAN 


Jack rafters are common 
rafter cut off at varying 
lengths to meet a hip or 
valley rafter. The jacks 
meet the hip or valley at a 
compound angle that is 
easily laid out with a 
framing square 


The diagonal of a 12” 
square is 16.97’; or very 
nearly 17’: In laying out a 
hip or valley rafter, the 
framer simply aligns the 
framing square to the rise 
per foot of a common 
rafter on the tongue, and 
17” rather than 12” on the 
blade. The marking and 
stepping-off operations 
are otherwise identical to 
those for a common rafter 


FIGURE 10.13 

Framing for a hip roof. The difficult 
geometric problem of laying out the di- 
agonal hip rafter is solved easily by using 
the framing square in the manner shown. 
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FIGURE 10.14 

Overframing simplifies the construction of 
complex roof shapes. The main roof has 
been framed and sheathed. The smaller 
roof is framed over the main roof, forming 
a valley without the need for a valley rafter. 
(Photo by Rob Thallon) 


FIGURE 10.15 

A roof framing diagram for the building 
illustrated in Figure 10.16. The dormer and 
chimney openings are framed with doubled 
header and trimmer rafters. The dormer 

is then built as a separate structure that is 
nailed to the slope of the main roof. 
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FIGURE 10.16 


Step 5: framing the attic floor and roof. The next step 


is shown in Figure 10.29. 


Rafters are spaced—usually 16 
or 24 inches (408 or 609 mm) on 
center—in the same manner as walls 
and floors in order to align with the 
modules of roof sheathing. Open- 
ings in roofs for skylights, chimneys, 
or dormers are framed in a similar 
fashion as openings in floors with 
doubled members at the sides of the 
opening and headers at the ends of 
the opening to support the inter- 
rupted rafters (Figure 10.18). Stick- 
framed roofs are typically made of 


dimension lumber because of its 
strength and its ability to be cut sim- 
ply at compound angles. However, 
manufactured [I-joists are increas- 
ingly being used as rafters for their 
strength, consistent quality, and light 
weight (Figure 10.19). 

The traditional stick method 
of framing a roof with individual 
members, as described above, is very 
different from framing with roof 
trusses, which is discussed below. The 
decision of whether to  stick-frame 


The ceiling joists above the second 
floor (which also serve as attic floor 
joists) are toe-nailed to the tops of the 
second-floor walls. A few rafters are 
then erected to support the ridge board, 
and the remainder of the rafters are put 
up. Double headers and trimmers are 
used around openings in the roof. 


or use trusses involves the consid- 
eration of many factors, including 
cost, the complexity of the roof, and 
whether there is a desire to use the 
volume within the roof for living 
space or attic storage. The disadvan- 
tage of roof trusses is that they fill 
the attic space with small structural 
members—severely limiting the po- 
tential for attic storage and the future 
extension of living space into the at- 
tic—although special attic trusses can 
be used to create upstairs rooms. 
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MASTER DETAIL SECTION 


FIGURE 10.17 
A summary of the major details for the structure shown in Figure 10.29 aligned in relationship to one another. The lettered 
details are keyed to Figure 10.29. The gable end studs are cut as shown in detail A and face-nailed to the end rafter. 
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FIGURE 10.18 

Framing openings in roofs for skylights, chimneys, 
and dormers is much like framing openings in 
floors. The structural members at the sides of the 
opening must support the extra load from the 
headers, so these members are usually doubled. 
The headers may be aligned perpendicular to the 
plane of the roof, as shown, or vertically. 


Doubled 
common 
rafter at 


headers 


FIGURE 10.19 

Manufactured wooden I-joists are used as 
rafters. In this case, dimension lumber 2 X 4 
extensions are nailed flush with the top edge 
of the manufactured rafters and are support- 
ed on 2 X 4 blocks that bear on the top of the 
wall. Frieze blocks notched for ventilation 
are nailed to the top of the wall and provide 
stability for the rafters. (Courtesy of Trus Joist, 
A Weyerhaeuser Business) 


Roof Trusses 


Prefabricated roof trusses have found 
widespread use in platform frame 
buildings because of their speed of 
erection, economy of material usage, 
and long spans. For single-family resi- 
dences, the ability of a truss to span 
from one side of the building to the 
other usually means that no interior 
walls are required to support roof 
loads. 

As a rule, trusses are engineered 
by the manufacturer and can be made 
to support almost any roof shape (Fig- 
ure 10.20). They can also be made in 
the form of a scissors truss to form a 
vaulted ceiling or an attic truss to 
enclose living space (Figure 10.21). 
Despite the versatility and sophistica- 
tion of truss design, however, most 
builders employ conventional fram- 
ing to overframe parts of a truss 
roof that overlap (Figures 10.14 and 
10.22). This avoids having to create 
many different trusses to frame only 
a small portion of the roof. 


FIGURE 10.20 
Complex roof shapes can be framed entirely with trusses, the production of which is 


Thallon) 


(4) 
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FIGURE 10.21 
The most common types of light frame trusses used for 


(6) 


residential construction. (a) The standard truss, which comes 

in many shapes and configurations, is the workhorse truss and 
can span over 40 feet (12.2 m). (b) The gable end truss is a 
nonstructural “truss” designed to provide nailing at the end wall 
of a gable roof. (c) The scissors truss forms a sloped ceiling 

to provide more volume for the room below the truss. (d) The 
monopitch truss is used for shed roofs. (e) The attic truss forms 
usable space within the volume of the roof. Notice the attic 
truss in Figure 10.24. 
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controlled by computer. Notice the scissors truss leaning against the building in the 
foreground—designed to provide a vaulted ceiling over an interior room. (Photo by Rob 


(4) 


(e) 
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The typical mode of truss instal- 
lation starts with a telescoping boom 
mounted on the delivery truck (Fig- 
ure 10.24). Bundles of several trusses 
are placed on top of the walls, from 
where they are distributed and in- 
stalled by two or more carpenters 
(Figure 10.25). Because trusses are so 
slender and have a tendency to flop 
over or buckle, each truss must be se- 
curely braced as soon as it is installed, 


following truss industry recommen- 
dations. Failure to install bracing has 
resulted in many disastrous collapses 
and even loss of lives. 

Once placed on top of the walls, 
roof trusses are ready to attach to 
the building. The bottom chord sits 
flat on the top plates of the bearing 
walls where each truss is fastened 
with nails and/or metal clips in the 
same fashion as rafters (Figures 10.26 


FIGURE 10.22 

The main roof and the projecting bays 
have both been framed with trusses. 
The space between the two can be filled 
in with stick framing or with a series of 
trusses of diminishing height. (Photo by 
Rob Thallon) 


FIGURE 10.23 

Prefabricated trusses are delivered 
to the building site in bundles. 
(Courtesy of Gang-Nail Systems, Inc.) 


and 10.27). Also, like rafters, trusses 
are usually spaced at 16 or 24 inch- 
es (408 or 609 mm) on center, and 
frieze blocking is applied at the eave. 
If there is a projecting eave, it is in- 
corporated into the truss design and 
has been precisely cut to shape at the 
factory. At a gable wall, a special end 
truss designed to provide nailing for 
sheathing and siding bears on the 
end wall of the building. 
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FIGURE 10.24 

Trusses are typically lifted to the roof by 
a boom mounted on the delivery truck. 
This is one of a series of attic trusses, 
which will frame a habitable space under 
the roof. (Photo by Rob Thallon) 


FIGURE 10.25 

Workers installing attic trusses on a new 
garage. Trusses stacked to the left of 
the worker in the foreground will be 
shifted into place to create equal spac- 
ing across the entire roof. Notice the 
temporary spacer on the far side of the 
roof just above the attic wall. Temporary 
diagonal bracing is out of view of the 
photo. (Photo by Rob Thallon) 
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Stud 
wall 


FIGURE 10.26 

Trusses are attached directly to the top 
plate of a bearing wall with toe nails 

or with metal clips in high-wind areas. 
Compare with Figure 10.9. 


FIGURE 10.27 

Roof framing with prefabricated trusses. 
Sheet metal clips and nails anchor the 
trusses to the top plate. These particular 
trusses have a raised heel, which allows 
more depth of insulation above the exte- 
rior wall than does a typical truss. (Photo 
by Rob Thallon) 


FIGURE 10.28 

A truss-framed portico for a four-story 
residential building. The trusses span the 
long direction between short beams that 
connect the end columns to the build- 
ing. The central columns support only 
the nonstructural gable end truss in the 
foreground. (Photo by Rob Thallon) 
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FIGURE 10.29 


Step 6: The frame has almost been completed. Only a 
bit of sheathing and the completion of the eave and rake 


remain. A section of the near wall with details of A, B, 


and Cis shown in Figure 10.17. 


Sheathing 


Once the roof framing is in place, it 
is sheathed—usually with plywood 
or oriented strand board (OSB)—to 
provide rigidity and to support the 
roofing (Figures 10.29 and 10.30). 
There is often an incentive to protect 
the framing from the weather as soon 
as possible, so the main body of the 
roof will be sheathed and covered with 
building felt before the more refined 
work of completing the eave and rake 
is undertaken. If the underside of 


the sheathing at the eave or rake is 
to be visible in the finished building, 
then a higher grade of sheathing (ei- 
ther plywood or boards) that is rated 
for weather exposure must be used 
(Figure 10.31). 

In some cases, such as when the 
roofing requires ventilation from 
the underside, the sheathing is made 
of spaced boards (Figures 11.9 and 
11.17). With spaced sheathing, an 
alternative method to brace the roof 
laterally, such as diagonal steel strap- 
ping, must be found. 
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The framing of the building is 
completed with installation of the roof 
sheathing, the gable end walls, and 
the dormer. 


Eave and Rake 


The edge of the roof is where the 
most variety in residential framing 
details occurs. Some roofs have large 
overhangs, while others have none 
at all. Some overhangs have exposed 
framing, while others conceal the 
framing with a soffit or boxed-in rake. 
And all of these variations can be 
made in a wide range of shapes and 
materials. The framers must under- 
stand the edge details of the roof they 
are framing, but the work on these 
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FIGURE 10.30 

Applying plywood roof sheathing to 

a half-hipped roof. Blocking between 
rafters at the wall line has been drilled 
with large holes for attic ventilation. The 
joint in the sheathing above the walls oc- 
curs because the sheathing outside of the 
walls will be exposed from the underside 
and must be rated for exposure to the 
weather, while the rest of the sheathing 
does not and can therefore be made 

of less expensive material. (Courtesy of 
APA-The Engineered Wood Association) 


details often is postponed until the 
end of the roof framing process when 
the main roof has been completed. 
At the eave, the horizontal roof 
edge, the shape is framed with a 
simple extension of the rafters. The 
rafter tails may be exposed or they 
may be covered with an enclosed soffit 
(Figure 10.33). Additionally, the eave 
must usually support a gutter system, 
which is fastened to a fascia nailed to 
the lower ends of the rafters. Eave 
framing is also affected by the need 
for ventilation. Roof assemblies must 
typically be ventilated to cool them in 
summer and to carry off any accumu- 
lated condensation in winter. Venti- 
lation air enters through the eave— 
through screened openings either 
in the exposed frieze blocks between 
rafters or in the soffit (Figure 10.33). 


FIGURE 10.31 

The eave of this house will be exposed 
and has been sheathed with 1 x 4 
tongue-and-groove boards so that it will 
have a good appearance when seen from 
below. (Photo by Rob Thallon) 
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FIGURE 10.32 

Working in the California summer, the contractor on this job has no reason to hurry to complete the roof sheathing in order to 
protect the framing from the weather. Therefore, the workers are finishing the eave and rake assemblies as they go. Note the 
temporary cleats for worker access and safety. (Photo by Rob Thallon) 


Roof sheathing Roof sheathing 


Blocking with 
screened vent 
between rafters 


Blocking between 
rafters 


Rafter Rafter 


Continuous fascia 


Continuous fascia 


Stud wall 


Continuous 
screened vent 


Stud wall 


(a) (b) 


FIGURE 10.33 
Two typical eave sections—one exposed and one soffited. Both have a 2 < fascia to which a gutter will be attached, 
and both provide for ventilation of the roof assembly. 
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Common rafter 


Lookouts project 
over end wall 
from first 
common rafter to 
provide support 
for barge (fly) 


FIGURE 10.34 
Eaves can be shaped in various ways. 


‘ rafter 
In this case, the rafter ends have been vase 
cut for a soffit and a fascia with a thin 
profile. (Photo by Rob Thallon) 
FIGURE 10.35 
Framing for an overhanging rake. 
Common Rafter notched Common Rafter notched 
rafter for lookouts rafter for lookouts 


Roof sheathing Roof sheathing 


Lookout Lookout 


Barge (fly) rafter Barge (fly) rafter 
Weather-rated panel 


Nailer 


Stud wall Stud wall 


(a) — 


FIGURE 10.36 
Two typical rake sections—one exposed and one concealed. Siding and roofing, both with trim, will complete the exterior 
of the building. 


Vents high in the roof—at or near the 
ridge or high in the gable end walls— 
allow the ventilation air to escape and 
be replaced from below by cooler 
outside air. 

At the rake, the sloped portion 
of the roof edge, a roof overhang re- 
quires additional structural consider- 
ation because there is no wall below 
to support a rafter (Figures 10.35 and 
10.36). The exposed rafter of an over- 


hanging rake is called a fly rafter on 
the East Coast and a barge rafter on 
the West Coast. Support of this rafter 
may be provided in a variety of ways, 
depending on the scale of the roof. 
For very small roofs, an extended fas- 
cia board can support the rafter at its 
base, and the ridge board can be ex- 
tended to support it at its top. When 
these measures are insufficient, there 
are numerous other ways to support 
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an overhanging rake, the most com- 
mon of which is a series of lookouts 
that are supported by the end wall 
and are anchored back to a common 
rafter (Figures 10.37 and 10.38). The 
complications of framing at the rake 
may be avoided by eliminating the 
rake overhang altogether, but this 
comes at the expense of exposing the 
wall and its openings to greater deg- 
radation by the weather. 


FIGURE 10.37 
Lookouts to support a rake overhang sit on the gable wall and 
are anchored at their ends to the truss (or common rafter) clos- 
est to the wall. A barge (fly) rafter will be nailed to the projecting 
ends of the lookouts. (Photo by Rob Thallon) 


FIGURE 10.38 


Applying a barge (fly) rafter to the lookouts of a gable. The 
main roof is sheathed with OSB, but the overhang will be ex- 
posed from below and must be sheathed with more expensive 


material rated for weather exposure. (Photo by Rob Thallon) 
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FIGURE 10.39 FIGURE 10.40 
An exposed eave meets an exposed rake. | A Simple soffited eave meets a concealed rake. The resulting triangular trim 


A rake trim board covers the edge of the at the end of the soffit is facetiously but customarily called a “pork chop.” 


roof sheathing and laps the end of the (Photo by Rob Thallon) 
fascia. (Photo by Rob Thallon) 


FIGURE 10.41 

The intersection of eave and rake always 
requires careful design consideration 
and often special craftsmanship. In 

this example, a screened soffit meets a 
steep rake. The framing is complicated 
by a pitch change at the eave to im- 
prove the proportions of the eave/rake 
intersection. (Photo by Rob Thallon) 
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FIGURE 10.42 


A house frame sheathed with OSB panels. (Courtesy of APA—The Engineered Wood Association) 


WoopD FRAMING AND 
THE BUILDING CODES 


Wood platform framing is probably 
regulated more closely by codes than 
any other construction type. In gen- 
eral, code sections that relate to fram- 
ing address the issues of durability of 
the building and the safety of its oc- 
cupants. 

To prevent decay of the frame, 
minimum clearances from the ground 
are specified and preservative-treated 
or naturally decay-resistant wood is 
required at vulnerable locations. Pro- 
tection of the frame from the weath- 
er is also required by means of ap- 
proved roofing materials and siding 


in conjunction with a weather barrier. 
In regions that are prone to termite 
damage, chemical or physical barriers 
to prevent these pests from gaining 
access to the framing are mandatory. 
There are innumerable _ pro- 
visions in the code to assure the 
strength of the building under nor- 
mal use. Tables specify allowable 
spans for girders, joists, and rafters; 
and the stabilization of these mem- 
bers with blocking, bracing, and 
sheathing is also prescribed. There 
are explicit specifications for fasten- 
ers, rules about the size and location 
of notches and holes for utilities, and 
detailed drawings that show exactly 
how certain parts of the structure 
must be assembled (Figure 10.43). 
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Many sections of the code are 
written to minimize damage to the 
structure due to natural catastrophe. 
The United States is divided into seis- 
mic zones that are ranked according 
to the probable intensity of earth- 
quakes. In the zones with most se- 
vere risk, special attention is given to 
nailing and anchorage of shear walls 
(Figure 10.44). The code also identi- 
fies regions of high wind risk such as 
the hurricane-prone Gulf Coast or 
areas of the Great Plains where tor- 
nados are common. Here, emphasis 
is given to the form attachment of 
roof sheathing and to the anchoring 
of rafters to walls and walls to foun- 
dations. These provisions have been 
significantly extended in recent years 
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due to the severe damage inflicted 
in Florida by Hurricane Andrew in 
1992, and they will be reviewed and 
adjusted after the damage caused by 
Hurricanes Katrina and Rita in 2005 
has been analyzed. 

The codes devote considerable 
attention to minimizing the loss of 
life and property due to the ravages 
of fire. With regard to framing, code 
provisions attempt to stop the rapid 
spread of fire in a structure once it 
D (ACTUAL DEPTH) has started. Thus, fire-rated walls 
are required between units in mul- 
tifamily housing (Figures 10.45 and 
10.46), and fire blocking is required 
to stop the passage of fire through 
any framed cavities that pass from 
one level to another in a structure. 
Blocking is required, for example, at 
the stud spaces around a stair landing 
to retard the passage of flames from 
the space below the landing. Other 
sections of the code strive to prevent 
fire from igniting the framing in the 
first place. Framing must be covered 
by drywall or plaster in especially vul- 
nerable locations and must be sepa- 
rated by minimum clearances from 
flues and fireplaces. 


D/3 MAX. 


PIPE OR CONDUIT 


2 IN. MIN. FROM TOP 
AND BOTTOM OF JOIST 


FIGURE 10.43 
One of numerous explicit guidelines for framing residential buildings. (Reprinted with 
permission from International Code Council, Inc.) 


THE UNIQUENESS OF 
Woop LIGHT FRAME 
CONSTRUCTION 


Wood light framing is popular be- 
cause it is an extremely flexible and 
economical way of constructing small 
buildings. Its flexibility stems from 
the ease with which carpenters with 
ordinary tools can create buildings 
of astonishing complexity in a vari- 
ety of geometries. Its economy can 
be attributed in part to the relatively 
unprocessed nature of the materials 
from which it is made, and in part to 
mass-market competition among the 
suppliers of components and materi- 
als as well as local competition among 
small builders. 


EXPLANATION 
SEISMIC DESIGN 
%9 SATO 


SUPPLEMENTAL 
CONTOUR (40% g) 


SCALE 1:15,000,000 


FIGURE 10.44 Platform framing is the one truly 
Seismic design categories in the contiguous continental United States. complete and open system of con- 
(Reprinted with permission from the International Residential Code for One- struction that we have. It incorpo- 


and Two-Family Dwellings, 2000) rates structure, enclosure, thermal 


FIGURE 10.45 

This proprietary fire wall consists of light-gauge metal framing, noncombustible 
insulation, and gypsum board. The metal framing is attached to the wood 
structure on either side with special clips (not shown here) that break off if the 
wood structure burns through and collapses, leaving the wall supported by the 
undamaged clips on the adjacent building. (Courtesy of Gold Bond Building Products, 
Charlotte, North Carolina) 
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FIGURE 10.46 

This townhouse has collapsed completely as the result of an intense fire, but the 
houses on either side, protected by fire walls of the type illustrated in Figure 
10.45, are essentially undamaged. (Courtesy of Gold Bond Building Products, Charlotte, 
North Carolina) 
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insulation, mechanical __installa- 
tions, and finishes into a single con- 
structional concept. Thousands of 
products are made to fit it: dozens 
of competing brands of windows and 
doors, a multitude of interior and 
exterior finish materials, and scores 
of electrical, plumbing, and heating 
products. For better or worse, plat- 
form framing can be dressed up to 
look like a building of wood or of 
masonry in any architectural style 
from any era of history. Architects 
have failed to exhaust its formal pos- 
sibilities, and engineers have failed to 
invent a new environmental control 
system that it cannot assimilate. 

At the other end of the scale, 
platform frame construction has 
led to the creation of countless hor- 
rors around the perimeters of our 
cities. To create the minimum-cost 
detached single-family house, one 
can begin by reducing the number 
of exterior wall corners to four, be- 
cause extra corners cost extra dollars 
for framing and finishing. Then the 
roof slope can be made as shallow as 
asphalt shingles will permit to mini- 
mize roof area and to allow roofers 
to work without scaffolding. Roof 
overhangs can be eliminated to save 
material and labor. Windows can be 
made as small as building codes will 
allow, because a square foot of win- 
dow costs more than a square foot 
of wall. The thinnest, cheapest fin- 
ish materials can be used inside and 
out, even if they will begin to look 
shabby after a short period of time, 
and all ceilings can be made flat 
and as low as is legally permitted to 
save materials and labor. The result 
is an uninteresting, squat, dark resi- 
dence that weathers poorly; has little 
meaningful relation to its site; and 
contributes to a lifeless, uninspiring 
neighborhood. The same principles, 
with roughly the same result, can be 
applied to the construction of apart- 
ment houses. In most cases, things 
only get worse if one tries to dress 
up this minimal box building with 
inexpensive shutters, gingerbread, 
window boxes, and cheap imitations 
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of fancy materials. The single most 
devastating fault of wood light frame 
construction is not its combustibil- 
ity or its tendency to decay, but its 
ability to be reduced to the irreduc- 
ibly minimal—scarcely human— 
building system. Yet one can look to 
the best examples of the Carpenter 
Gothic, Queen Anne, Shingle Style, 
and Craftsman buildings of the 19th 
century, or the Bay Region and Mod- 
ern styles of our own time, to realize 
that wood light framing gives the de- 
signer the freedom to make a finely 
crafted building that nurtures life 
and elevates the spirit. 


BUILDING GREEN WITH 
Woop FRAMING 


In addition to the issues of sustain- 
ability of wood production and use 
that were raised in Chapter 4, there 
are issues that pertain especially to 
wood light frame construction: 


¢ Awood light frame building can be 
designed to minimize waste in several 
ways. It can be dimensioned to use full 
sheets and lengths of wood products. 
Most small buildings can be framed 
with studs 24 inches o.c. (609 mm 
o.c.) rather than 16 inches. A stud can 


FIGURE 10.47 

Framing done well is often recognized 
for its beauty. In this house, a designer/ 
contractor chose to expose the roof 
framing. Visible above the rafters is 
spaced sheathing covered with plywood 
sheathing. Insulation above the plywood 
completes the thermal envelope of the 
building. (Photo by Rob Thallon) 


be eliminated at each corner by using 
small, inexpensive metal or plastic 
clips to support the interior wall fin- 
ish materials. If joists and rafters are 
aligned directly over studs, the top 
plate can be a single member rather 
than a double one. Floor joists can be 
spliced at points of inflection rather 
than over girders; this reduces bend- 
ing and allows use of smaller joists. 
Roof trusses often use less wood than 
conventional rafters and ceiling joists. 


¢ Wood L[oists, parallel veneer 
beams and headers, glue-laminated 
girders, parallel strand girders, and 
OSB sheathing are all materials that 
use trees more efficiently than solid 
lumber. Finger-jointed studs made up 
of short lengths glued together may 
soon replace solid wood studs. 


e Framing carpenters can waste less 
lumber by saving cutoffs and reus- 
ing them rather than throwing them 
automatically on the scrap heap. In 
some localities, scrap lumber can 
be recycled by shredding it for use 
in OSB production. The burning of 
construction scraps should be dis- 
couraged because of the air pollution 
it generates. 


Although the thermal efficiency 
of wood light frame construction is 
inherently high, it can be improved 
substantially by various means, as 
shown in Figures 17.4 and 17.20. 
Wood framing is much less conduc- 
tive of heat than light-gauge steel 
framing. Steel framing of exterior 
walls is not a satisfactory substitute 
for wood framing unless the heat 
flow path through the steel framing 
members is broken with a substantial 
thickness of insulating foam. 


C.S.I./C.S.C. 
MasterFormat Section Numbers for 
Roof Framing 


06 10 00 


06 11 00 
06 15 16 
06 16 00 
06 17 00 
06 20 13 


SELECTED REFERENCES 


1. The references from Chapter 9 also 
apply to this chapter. 


Key TERMs AND CONCEPTS 


flat roof 
shed roof 
gable roof 
hip roof 
gambrel roof 
eave 

rake 

ridge 

valley 

hip 

dormer (shed, hip, or gable) 
rafter 


REVIEW QUESTIONS 


1. Draw a diagram that illustrates the dif- 
ference between a structural ridge beam 
and a ridge board. How does the ceiling 
joist relate to the ridge? 


2. Explain the relationship of rise and run 
to roof pitch. 


EXERCISES 


1. Representing each member with a single 
line, draw a roof framing diagram in plan 
view of a pitched-roof building in which 
you or a family member lives. Assume a 
24inch (609-mm) rafter or truss spacing 
if the structure is not visible or accessible. 


2. Make thumbnail sketches of a dozen 
or more different ways of covering an 


ROUGH CARPENTRY 


Wood Framing 
Wood Roof Decking 
Sheathing 
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Shop-Fabricated Structural Wood 


Exterior Finish Carpentry 


2. Reichers, A. F. J. The Full Length Roof 
Framer. Palo Alto, CA: Buccaneer Books, 
1995. 


span 
ridge beam 
ridge board 
ceiling joist 
common rafter 
hip rafter 
valley rafter 
jack rafter 
bird’s mouth 
pitch 

rise 

run 


3. Describe the advantages and disadvan- 
tages of the practice of stick framing of a 
roof as opposed to truss framing. 


4. Why would a designer use spaced 
sheathing as opposed to the more typical 
structural panels? 


L-shaped building with combinations of 
sloping roofs. Start with the simple ones 
(a single shed, two intersecting sheds, two 
intersecting gables) and work into some 
more elaborate ones. Note how the vary- 
ing roof heights of some schemes could 
provide room for a partial second-story 
loft or for high spaces with tall windows. 


This tiny, pocket-sized volume is packed 
with tables and concise, invaluable advice 
and tables for roof framers. 


pattern rafter 
farmer’s valley 
overframing 
roof truss 
scissors truss 
attic truss 
soffit 

fascia 

frieze block 
fly rafter 
barge rafter 
lookout 


5. Why is an overhanging rake more diffi- 
cult to support than an overhanging eave? 


6. Light framing of wood is highly com- 
bustible. In what different ways does a typ- 
ical building code take this into account? 


3. Look around you as you travel 
through areas with wood frame build- 
ings, especially older areas, and see how 
many ways designers and framers have 
roofed simple buildings in the past. 
Build up a collection of sketches of in- 
genious combinations of sloping roof 
forms. 


¢ Preparation for Roofing 


Underlayment 
Flashing 


Roof Slope 


Steep Roofs 
Sheathing for Steep Roofs 


Insulation and Vapor Retarder 
for Steep Roofs 


Steep Roof Materials 
Asphalt Shingles 

Wood Shingles and Shakes 
Tile Roofs 

Sheet Metal Roofing 

Roll Roofing 


l] 


FINISHING THE ROOF 


Low-Slope Roofs 


The Roof Deck 

Thermal Insulation 

Vapor Retarders for Low-Slope Roofs 
The Low-Slope Roof Membrane 
Traffic Decks 


Roof Edge Details 
Roof Drainage 


Roofing and the 
Building Codes 


Building Green with Roofing 


Low-Slope Membranes 
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A building’s roof is its first line of defense against the weather. The roof protects the interior of the 
building from rain, snow, and sun. The roof helps to insulate the building from extremes of heat and 
cold and to control the accompanying problems with condensation of water vapor. Like any front-line 
defender, it must itself take the brunt of the attack. A roof is subject to the most intense solar radiation 
of any part of a building. At midday, the sun broils a roof with radiated heat and ultraviolet light. On 
clear nights, a roof radiates heat to the blackness of space and becomes colder than the surrounding 
air. From noon to midnight of the same day, it is possible for the surface temperature of a roof to vary 
from near boiling to below freezing. Rain falling on a roof causes abrasion on impact and then washes 
over the surface, causing further erosion. In cold climates, snow and ice cover a roof after winter 
storms, and cycles of freezing and thawing gnaw at the materials of the roof. A roof is vital to the shel- 
tering function of a building, yet it is singularly vulnerable to the destructive forces of nature. 

The roofing is generally applied to a house as soon as the framing has been completed so as to pro- 
tect the framing from the weather. A dry working environment is also required for plumbing, heating, 
and electrical subcontractors, who will be scheduled to begin work inside the structure as soon as the 
roofing is in place. 

Roofing is measured and sold by an area of coverage called a square, which is equal to 100 square 
feet of roof area. The roofing is generally installed by a roofing subcontractor. 


PREPARATION FOR 
ROOFING 


Historically, roofs were surfaced with 
a single roofing material. Thatched 
cottages were roofed with thatch 
alone, and barns might be covered 
only with hand-split shakes. Today, 
roofs often include such complexities 
as dormers, skylights, and chimney 
penetrations, which require under- 
layment and flashing as well as the 
primary roofing material. 


Underlayment 


Before any roofing material is 
installed, the roof sheathing is gener- 
ally covered with a layer (or two) of 
15- or 30-pound building felt. Called 
underlayment, this layer serves to pro- 
tect the building from precipitation 
before the roofing is applied. It also 
provides a permanent second layer 
of defense to back up the roofing. 
This flexible layer can be installed 
rather quickly, and when it is in place, 
the building is said to be “dried in” 
(Figure 11.1). In very cold climates, 
a special underlayment called an 
ice-and-water shield is required at the 
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FIGURE 11.1 
The roof framing has been completed and underlayment applied to the roof of 


this residence even before the walls are sheathed. The temporary boards nailed to 
the steeper part of the roof allow workers to walk safely on the inclined surface. 
(Photo by Rob Thallon) 
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FIGURE 11.2 
Code requires an ice-and-water shield Ice-and- 
in very cold climates. The shield must water shield 
extend 24 inches (610 mm) over the 
insulated portion of the building. 


eaves in order to prevent damage to 
the structure as a result of ice dams 
(Figures 11.2 and 11.13). Ice dams 
are discussed in Chapter 17. 


Flashing 


LL 


Roof flashing comprises metal sheet 
materials that are used to protect 
against water leakage at the junctions 
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ss and edges of roof surfaces. The earli- 
ss est flashings were made of lead or cop- 
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ba per. Today, galvanized sheet steel and 
ae 94" aluminum are the principal flashing 


materials, although enamel-coated 
sheet steel, copper, and stainless steel 
may also be used (Figure 11.3). 

Some roof flashing materials, such 
as edge flashing, are readily available 
in standardized forms that work in a 
variety of situations. However, many 
roof flashings must be custom-made 
to fit a particular roof slope, a particu- 
lar roofing material, or a special roof 
form. Standard flashings are made in 
large factories and purchased in bulk 
by roofing contractors, while custom 
flashings are fabricated in local sheet 
metal shops (Figure 11.4). The roof- 
ing subcontractor usually confers 
with the sheet metal subcontractor 
to determine the size and configura- 
tion of custom flashing, while the de- 
signer specifies the material of which 
it is made and may also recommend a 
specific shape. 


FIGURE 11.3 

Typical flashing locations: (a) rake, 
(b) valley, (c) chimney and other roof 
penetrations, (d) sloped edge of 
roof at wall, (e) level edge of roof at 
wall, and (f) eave. Code roof flashing 
requirements vary according to the 
type of roofing. 


FIGURE 11.4 

Sheet metal shops such as this 
stay busy manufacturing custom 
flashings and gutters for both 
residential and commercial 
projects. Most of the work 
takes place on waist-high tables 
where sheet metal is measured, 
cut, formed, and soldered. 
(Photo by Rob Thallon) 
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ROOF SLOPE 


Roofs are classified according to their 
steepness or slope. The slope of a roof 
is the ratio of the (vertical) rise to the 
(horizontal) run of the roof. In the 
United States, the ratio is given in 
inches of rise per 12-inch run. A 6: 
12 roof, for example, rises 6 inches 
for every 12 inches of horizontal dis- 
tance. In Canada, slope is expressed 
as aratio of 1: x, so that a Canadian 
roof that slopes 1 : 2 is the equivalent 
of a 6: 12 roof in the United States. 
Roofing materials can be orga- 
nized conveniently into two groups: 
those that work on steep roofs and 
those that work on low-slope roofs, 
which are nearly flat. The distinction 
is important: A steep roof drains it- 
self quickly of water, giving wind and 
gravity little opportunity to push or 
pull water through the roofing ma- 
terial. Therefore, steep roofs can be 
covered with roofing materials that 
are fabricated and applied in small, 
overlapping units—shingles of wood, 
slate, or artificial composition; tiles of 
fired clay or concrete; or even tightly 
wrapped bundles of reeds, leaves, or 
grasses (Figure 11.5). There are sev- 
eral advantages to these materials: 


Many of them are inexpensive. The 
small, individual units are easy to 
handle and install. Repair of local- 
ized damage to the roof is easy. The 
effects of thermal expansion and 
contraction, and of movements in the 
structure that supports the roof, are 
minimized by the ability of the small 
roofing units to move with respect to 
one another. Water vapor vents itself 


FIGURE 11.5 

A steep roof can be made waterproof 
with any of a variety of materials. This 
thatched roof is being constructed by 
fastening bundles of reeds to the roof 
structure in overlapping layers in such a 
way that only the butts of the reeds are 
left exposed to the weather. 

(Courtesy of Warwick Cottage Enterprises) 


easily from the interior of the build- 
ing through the loose joints in the 
roofing material. Finally, a steep roof 
of well-chosen materials skillfully in- 
stalled can be a delight to the eye. 
Low-slope roofs have none of 
these advantages. Water drains rela- 
tively slowly from the surfaces, and 
small errors in design or construc- 
tion can cause them to trap puddles 


Lowest 

Allowed Requirements 
Material Sheathing Slope below 4 : 12 Slope 
Asphalt shingles Solid 2:12 Double underlayment 
Wood shingles Solid or spaced 3:12 
Wood shakes Solid or spaced 3:12 
Clay tiles Solid or spaced 24:12 Double underlayment 
Concrete tiles Solid or spaced 2%:12 Double underlayment 
Slate Solid 4:12 
Metal panel Solid or spaced 3:12 
Roll roofing Solid 1:12 
Membrane Solid “4:12 


FIGURE 11.6 


Common residential roofing materials with required slopes, sheathing, and underlay- 
ment. The table is derived from Chapter 9 of the 2009 International Residential Code. 


of standing water. Slight structural 
movements can tear the membrane 
that keeps the water out of the build- 
ing. Water vapor pressure from 
within the building can blister and 
rupture the membrane. Low-slope 
roofs also have advantages: A low- 
slope roof can cover a building of 
any horizontal dimension, whereas 
a steep roof becomes uneconomi- 
cally tall when used on a very broad 
building. And, when appropriately 
detailed, low-slope roofs can serve 
as balconies, decks, patios, and even 
landscaped parks. 


STEEP ROOFS 


A roof with a pitch of 4 : 12 or great- 
er is referred to as a “steep roof” by 
the National Roofing Contractors 
Association. There are numerous 
roof coverings in this category, and 
many can be used on roofs with a 
slope lower than 4 : 12 by increas- 
ing the number of layers of under- 
layment (Figure 11.6). As the roof 
slope increases, the performance of 
roof coverings generally improves, 
but at slopes steeper than about 7 : 
12, workers cannot move easily with- 
out slipping, and roofing contractors 
increase their prices to allow for the 
installation of roof jacks or other safe- 
ty devices (Figure 11.7). 


Sheathing for Steep Roofs 


Most steep roofs are constructed 
with solid sheathing made of orient- 
ed strand board (OSB) or plywood 
panels similar to wall and subfloor 
sheathing. The sheathing supports 
the underlayment over which the 
roofing material is laid. Sheathing 
clips may be used to maintain the 
alignment of panel edges between 
rafters, permitting thinner sheathing 
to be used. At eaves or rakes that are 
exposed from the underside, panel 
sheathing must be rated for expo- 
sure to the weather or tongue-and- 
groove boards may be used instead 
(Figure 11.8). 
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FIGURE 11.7 

This very steep roof is being reroofed with cedar shingles. Steel roof jacks nailed to 
the structure hold horizontal boards that allow workers access to the roof surface. 
After the job has been completed, the jacks are removed, but the nails that hold them 
remain in the structure. Roof jacks are generally required on roofs with 8 : 12 or 
steeper pitch. (Photo by Rob Thallon) 


FIGURE 11.8 
This roof is being sheathed with solid sheathing because it will be roofed with asphalt 
shingles, the most common roofing material in North America. The eaves, because 


they will be exposed from below, must be sheathed with a weather-resistant material— 
in this case, tongue-and-groove boards. (Photo by Rob Thallon) 
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FIGURE 11.9 
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The roof on this new residence is being sheathed with spaced boards because it will be 


roofed with cedar shingles, which have the strength to span between sheathing boards 


and last longer when allowed to breathe from beneath. (Photo by Donald Corner) 


Many steep roof coverings have 
structural integrity of their own and 
thus can be supported intermittently 
on spaced sheathing (also called open 
or skip sheathing) made of 1 x 4 or 
1 x 6 boards nailed across the raf- 
ters with open spaces between (Fig- 
ure 11.9). Materials such as wood 
shingles last longer when they are in- 
stalled over spaced sheathing, which 
allows them to dry from the under- 
side between storms. 


Insulation and Vapor 
Retarder for Steep Roofs 


The thermal insulation and vapor 
retarder in most steep roofs are in- 
stalled below the roof sheathing. 
Typical details of this practice are 
shown in Chapter 17. In places 


where the underside of the sheathing 
is to be left exposed as a finish ceil- 
ing, a vapor retarder and rigid insula- 
tion panels should be applied above 
the sheathing, just below the roofing 
(Figure 11.10). A layer of plywood or 
OSB is then nailed over the insula- 
tion panels as a nail base for fasten- 
ing the shingles or sheet metal. There 
are also special composite insula- 
tion panels that include an integral 
nail-base layer on top. 


Steep Roof Materials 


Common roof coverings for steep 
roofs fall into four general categories: 
shingles, tiles, architectural sheet met- 
al, and roll roofing. Shingles are small, 
lightweight units applied in overlap- 
ping layers with staggered vertical 


Roofing 


Rigid insulation = \ 
\ 


Exposed decking - 


FIGURE 11.10 

Section of a roof with sheathing exposed 
to an interior room. Ventilation of this 
roof is not required because the rigid 
insulation does not allow air to be trapped 
in the assembly. Some roofing manufac- 
turers will not warranty their products on 
such a roof because roof surface tempera- 
tures are not moderated by ventilation. 


FIGURE 11.11 
Installing asphalt shingles. To give a finer visual scale to the roof, the slots will make 
each shingle appear as if it is three smaller shingles when the roof is finished. Many 
different patterns of asphalt shingles are available, including ones that do not have 
slots. The dark strips running the length of the shingles are adhesive to seal the lower 
edges of the shingles against uplift from wind. (Photo by Edward Allen) 


joints. The overlap between courses 
is such that the entire surface of the 
roof is covered by a minimum of two 
layers of roofing. Roof tiles are small 
but heavy units of concrete or fired 
clay. They overlap and interlock so 
that the roof surface is covered by 
only one layer. Sheet metal roofing is 


made of very lightweight metal panels 
that overlap slightly or are seamed, so 
that the roof is covered by one layer 
of roofing. Roll roofing is a flexible 
asphalt-impregnated felt that comes 
in rolls 36 inches (915 mm) wide that 
may be applied to provide single or 
double coverage. A wide variety of 
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shingle, tile, and sheet metal roofs 
are available and range in price from 
economical to expensive. 

Each type of material must be laid 
on a roof deck that slopes sufficiently 
to assure leakproof performance. 
The manufacturer specifies mini- 
mum slopes for each material. Slopes 
that are greater than the minimum 
should be used in locations where wa- 
ter is likely to be driven up the roof 
surface by strong storm winds. 


Asphalt Shingles 


Asphalt shingles are the most widely 
used roof covering in North America 
and are employed on approximately 
90 percent of single-family houses. 
They are inexpensive to buy, quick 
and easy to install, moderately fire re- 
sistant, and have an expected lifetime 
of 15 to 25 years, depending on their 
exact composition. Asphalt shingles 
are die cut from heavy sheets of 
asphalt-impregnated felt. Most felts 
contain glass fibers for strength and 
stability, but some have an older com- 
position that consists primarily of 
cellulose. The sheets are faced with 
mineral granules that act as a wearing 
layer and decorative finish. The most 
common type of asphalt shingle is 12 
by 36 inches (305 by 914 mm) in size. 
(A metric shingle 337 by 1000 mm is 
also widely marketed.) Each shingle 
is slotted twice in the center and 
has a half-slot at each end to pro- 
duce a roof that looks as though it 
were made of smaller shingles (Fig- 
ure 11.11). Many other shingle styles 
are also available, including hexago- 
nal patterns and thicker shingles that 
are laminated from several layers of 
material. 

Asphalt shingles are flexible, 
which allows them to be used in 
unique ways. For example, asphalt 
shingles can bend across a valley or a 
ridge—eliminating the need for flash- 
ing at these locations. Because asphalt 
shingles have no stiffness, they must 
be applied over solid sheathing that 
has been covered with underlayment 
(Figures 11.12 to 11.14). 
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FIGURE 11.12 

Starting an asphalt shingle roof. Most building codes require the installation of an ice-and-water barrier beneath the shingles 
along the eave in regions with cold winters; its function is to prevent the entry of standing water that might be created by ice dams. 
The most effective form of barrier is a 3-foot-wide (900-mm) strip of modified bitumen sheet that replaces the lowest course of 
asphalt-saturated felt paper. The bitumen self-seals around the shanks of the roofing nails as they are driven through it. 


Aluminum step 
flashings prevent 
leakage at wall 
intersections 
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Single shingle 
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ridge 


FIGURE 11.13 
Completing an asphalt shingle roof. A 
metal attic ventilation strip is often substi- 
tuted for the shingle tabs on the ridge. 
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(a) OPEN VALLEY (b) WOVEN VALLEY (c) CLOSED CUT VALLEY 


FIGURE 11.14 

Three alternative methods of making a valley in an asphalt shingle roof. (a) The open valley uses a sheet metal flashing; the ridge 
in the middle of the flashing helps prevent water that is coming off one slope from washing up under the shingles on the opposite 
slope. The woven valley (b) and closed cut valley (c) are favorites of roofing contractors because they require no sheet metal. The 
solid black areas on shingles in the open and closed cut valleys indicate areas to which asphaltic roofing cement is applied to adhere 
shingles to each other. 
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Wood Shingles and Shakes 


Wood shingles are thin, tapered slabs 
of wood sawn from short pieces of 
tree trunk, with the grain of the 
wood running approximately paral- 
lel to the length of the shingle. Shakes 
are split from the wood, rather than 
sawn, and are thicker, with a much 
more irregular face texture than 
wood shingles (Figure 11.15). Most 
wood shingles and shakes in North 
America are made from red cedar, 
white cedar, or redwood, because of 
- v the natural decay resistance of these 

ae SY YONGE woods (Figure 11.16). Wood shingles 
TO ae i . ay NTE and shakes are moderately expensive 
ee to purchase and install. They are not 
resistant to fire unless they have been 
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FIGURE 11.15 pressure treated with fire-retardant 
Shingles and shakes, although made from the same material, are very different in chemicals. 

appearance and durability. Shingles, seen here on the walls, are sawn on both sides so Both wood shingle and shake roofs 
that both faces are relatively smooth, and all shingles taper uniformly from bottom to can be applied over spaced sheathing 
top. Shakes, seen here on the roof, are split from a short section of log called a “bolt” (Figure 11.17). Wood shakes naturally 
and are typically sawn diagonally after splitting to create the taper. The sawn face of breathe better than shingles because 
a shake is its underside. The split upper side of a shake appears rough and irregular their uneven texture tends to allow 


compared to the sawn face of a shingle. (Photo by Edward Allen) 


FIGURE 11.16 

A house is both roofed and sided 

with red cedar shingles to emphasize 

its sculptural qualities. Note that the 
shadow lines created by the shingles 

are horizontal. (Architect: William Isley. 
Photo by Paul Harper. Courtesy of Red Cedar 
Shingle and Handsplit Share Bureau) 


more air circulation between layers. 
However, the looseness of fit also 
increases the opportunity for wind- 
driven rain and snow to penetrate the 
roofing. To counteract this shortcom- 
ing, most codes require that shakes be 
applied with an 18-inch-wide strip of 
30-pound asphalt-impregnated inter- 
layment woven between each pair of 
courses (Figure 11.18). 


Tile Roofs 


Tile roofs in general are heavy, dura- 
ble, highly resistant to fire, and have a 
relatively high first cost. Their weight 
(up to 10 psf, which is five times the 
weight of asphalt shingles) can re- 
quire a stronger roof structure. 

Clay tiles have been used on 
roofs for thousands of years. It has 
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FIGURE 11.17 

Installing red cedar shakes 

on spaced sheathing. Small 
corrosion-resistant nails are 
driven near each edge at the 
midheight of the shingle. Each 
succeeding course covers the 
joints and nails in the course 
below. The spaces between 
the sheathing boards allow 
the undersides of the shingles 
to dry out between storms. 
(Photo by Rob Thallon) 


FIGURE 11.18 

Shake application over a new 
roof deck using air-driven, 
heavy-duty staplers for greater 
speed. The strips of asphalt- 
saturated felt have all been 
placed in advance with their 
lower edges unfastened. Each 
course of shakes is laid out 
from one end of the house to 
the other, slipped up under 
its felt strip, then quickly 
fastened by roofers walking 
across the roof and inserting 
staples as fast as they can pull 
the trigger. (Courtesy of Senco 
Products, Inc.) 


been said that the tapered barrel 
tiles traditional to the Mediterra- 
nean region (similar to the mission 
tiles in Figure 11.19) were originally 
formed on the thighs of the tile- 
makers. Many other patterns of clay 
tiles are now available, both glazed 
and unglazed. Clay tiles are most 
commonly used in the southwest- 
ern United States, where they are 
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FIGURE 11.19 
Two styles of clay tile roofs. The mission tile has very ancient origins. 


related historically and climatically 
to a Spanish heritage. 

Concrete tiles are generally less ex- 
pensive than clay tiles and are avail- 
able in many similar patterns. Made 
of high-density concrete, these tiles 
are also more consistent in shape and 
dimension than clay tiles because they 
are not subject to the distortions that 
are often caused by high-temperature 
firing. The relative precision of their 
manufacture allows concrete tiles to 
lie flatter on the roof with less need 
for packing of gaps between tiles with 
mortar (Figure 11.19). Concrete tiles 
are coated with a resin to make them 
waterproof and are typically installed 
over 30-pound underlayment and 
preservative-treated horizontal nail- 
ing battens (Figure 11.20). 

Slate tiles form a fire-resistant, long- 
lasting roof that is suitable for buildings 
of the finest materials. It is relatively 
costly but is among the most durable of 
all roofing materials. Slate for roofing 
is delivered to the site split, trimmed to 
size, and punched or drilled for nailing 
(Figure 11.21). Both in their shape and 
by the method by which they are laid 
on the roof, slate tiles resemble wood 
shingles or shakes (Figure 11.22), al 
though the natural stone material is 
similar to clay or concrete tile. 


FIGURE 11.20 

A roof set up for the installation of 
concrete tiles. Plywood sheathing has 
been covered with underlayment, and 
furring strips running up and down the 
slope of the roof have been nailed on 
top of the underlayment. The uppermost 
layer is composed of preservative-treated 
nailing battens attached to the furring 
strips. The furring strips hold the battens 
above the level of the underlayment so 
that moisture that finds its way through 
the roofing can flow unrestricted down 
the slope of the roof. The battens are 
spaced at intervals that correspond with 
the length of the roofing tiles. The tiles 
will be held in place by means of a lip at 
their top edge, which will hook over the 
battens. Some tiles will also be mechani- 
cally fastened to the battens with screws 
or nails that pass through predrilled 
holes in the tiles. (Photo by Rob Thallon) 
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FIGURE 11.21 

Splitting slate for roofing. The thin 
slates in the background will next be 
trimmed square and to dimension, 
after which nail holes will be punched 
in them. (Photo by Flournoy. Courtesy of 
Buckingham-Virginia Slate Corporation) 


FIGURE 11.22 
A slate roof during installation. (Courtesy 
of Buckingham-Virginia Slate Corporation) 
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Sheet Metal Roofing 


Sheets of lead and copper have been 
used for roofing since ancient times. 
Both metals form self-protecting oxide 
layers that are very beautiful and last 
for many decades. Today’s metal roof- 
ing materials include enamel-coated 
galvanized steel, copper, lead-coated 
copper, stainless steel, terne, and 
terne-coated stainless steel. All are rel- 
atively high in first cost, but they can 
be expected to last for many decades. 
They are installed in small sheets 
using ingenious systems of joining and 
fastening to maintain watertightness 
at the seams. The modern standing- 
seam roof is made with long sheets of 
metal crimped together on the roof 
(Figures 11.23 and 11.24). The seams 
create a strong visual pattern that can 
be manipulated by the designer to em- 
phasize the qualities of the roof shape. 


FIGURE 11.23 
An automatic roll seamer, moving under 
its own power, locks standing seams in a 


copper roof. A cleat is just visible at the 
lower right. (Courtesy of Copper 
Development Association, Inc.) 
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FIGURE 11.24 
Installing an architectural standing-seam metal roof. 


FIGURE 11.25 

A metal panel roof such as the one on 
this residence is long-lasting and can 
be recycled when it is replaced. Many 
people expect a metal roof to be noisy 
in a rainstorm, but thermal insulation 
generally provides acoustical insulation 
as well so that the sound of rain on the 
roof does not reach the interior of the 
house. (Photo by Rob Thallon) 
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metal panels 
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FIGURE 11.26 
Installing a prefabricated metal panel roof. 
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A new generation of metal roof- 
ing, panel roofing, has gained popu- 
larity in recent years (Figure 11.25). 
Like the low-cost corrugated metal 
roofing used on agricultural build- 
ings, panel roofing is preformed and 
requires no specialized equipment 
for installation at the site. The panels 
are made of long sheets of galvanized 
or aluminized steel, usually coated 
with long-lasting polymeric coatings 
in various colors. The most com- 
mon panels are 2 feet (610 mm) 
wide and come in a variety of pro- 
files with ridges running lengthwise. 
Panels are precut to length (from 
eave to ridge) at the factory and are 
fastened to the roof with exposed 
screws sealed with neoprene wash- 
ers (Figure 11.26). Narrower panels 
approximately 12 inches (305 mm) 
wide are also available. These pan- 
els are produced with raised edge 
seams that include a means of con- 
cealed attachment to the roof deck 
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FIGURE 11.27 
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Roof sheathing 


A concealed-fastener snap-lock metal panel roofing system. During installa- 


tion, the leading edge of the metal panel is nailed to the roof sheathing. The 
trailing edge of the next panel snaps onto the leading edge of the previously 


installed panel, covering the fastener. 


FIGURE 11.28 

A galvanic series for metals used in build- 
ings. Each metal is corroded by all those 
that follow it in the list. The wider the 
separation between two metals on the list, 
the more severe the corrosion is likely 

to be. Some families of alloys, such as 
stainless steels, are difficult to place with 
certainty because some alloys within the 
family behave differently from others. To 
be certain, the designer should consult 
with the manufacturer of any metal prod- 
uct before installing it in contact with dis- 
similar metals in an outdoor environment. 


FIGURE 11.29 

Roll roofing is generally reserved for 
agricultural and utility buildings, but it 
can be used on residences as well. This 
house has two colors of roll roofing: one 
at the edge, the other in the field of the 
roof. (Photo by Rob Thallon) 
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and a snap-together interlocking 
mechanism (Figure 11.27). Architec- 
tural panel roofs are considerably less 
costly than traditional forms of sheet 
metal roofing. Most types (as well as 
standing-seam types) can be used on 
slopes below 4: 12 (Figure 11.6). 
The same metal should be used 
for every component of a sheet met- 
al roof, including the fasteners and 
flashings. If this is impossible, metals 
of similar galvanic activity should be 
used. This is because when strongly 
dissimilar metals touch in the pres- 
ence of rainwater, which is generally 
acidic, the galvanic action will cause 
rapid corrosion (Figure 11.28). 


Roll Roofing 


The same sheet material from which 
asphalt shingles are cut is also man- 
ufactured in rolls 3 feet (900 mm) 
wide as asphalt roll roofing. Roll roof- 
ing is very inexpensive and is used 
primarily on storage sheds and very 
low cost residential buildings. It can 
be manipulated by skilled designers, 
however, to make an attractive roof 
(Figure 11.29). Its chief drawbacks 
are that thermal expansion of the 
roofing or drying shrinkage of the 
wood deck can cause unsightly ridges 
to form in the roofing and that ther- 
mal contraction can tear it. 
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Low-slope roofs with thermal insulation in three different positions, shown here with a wood joisted roof deck. At left, insula- 
tion below the deck, with a vapor retarder on the warm side of the insulation. In the center, insulation between the deck and the 
membrane, with a vapor retarder on the warm side of the insulation. At right, a protected membrane roof, in which the insulation 


is above the membrane. 


Low-SLOPE ROOFS 


A roof with a pitch lower than 4 : 12 
is referred to as a low-slope roof. The 
distinction is made at this pitch be- 
cause most of the roofing materials 
suitable for steep roofs do not per- 
form well below the 4 : 12 pitch. At 
the steeper end of this range (4 : 12 
down to 2: 12), several of the roof- 
ing materials used for steep roofs, 
such as asphalt shingles or sheet met- 
al panels, can be employed, provided 
that extra precautions are taken to 
compensate for the low pitch (Fig- 
ure 11.6). Roll roofing can be used 
on slopes as low as 1 : 12. Below this, 
none of the materials used on steep 
roofs will perform adequately, and 
an entirely different approach must 
be taken. 

To prevent the penetration of 
water at such low slopes, roofing 
materials need to be entirely continu- 
ous and are referred to as membranes. 
A membrane is an impervious sheet 
of material that keeps water out of 
the building. A membrane roof is a 
complex, highly interactive assem- 
bly made up of several components. 
The deck is the structural surface that 
supports the roof. Thermal insulation 


is installed to slow the passage of heat 
into and out of the building. A vapor 
retarder is essential in colder climates 
to prevent moisture from accumulat- 
ing within the insulation. Drainage 
components remove the water that 
runs off the membrane. Around the 
membrane’s edges and wherever it is 
penetrated by pipes, vents, expansion 
joints, electrical conduits, or roof 
hatches, special flashings and details 
must be designed and installed to 
prevent water penetration. 


The Roof Deck 


Roof sheathing for a low-slope roof is 
referred to as the roof deck. To provide 
drainage, the roof must slope toward 
drainage points at an angle sufficient 
to drain reliably and overcome any 
structural deflections. A slope of at 
least 4 inch per foot of run (1 : 50) 
is recommended. To create this slope 
in a low-slope roof (often inaccurately 
referred to as a flat roof), two basic 
methods may be employed. In one, 
the joists or beams that support the 
deck may be sloped. This approach 
creates a sloped ceiling surface below 
if the joists are not tapered. Alterna- 
tively, the slope may be created over 


a dead-level deck with a system of 
tapered rigid insulation boards or a 
tapered fill of lightweight insulating 
concrete. 

If a roof is insufficiently sloped, 
puddles of water will stand for ex- 
tended periods of time in the low 
spots that are inevitably present, lead- 
ing to premature deterioration of the 
roofing materials in those areas. The 
roof membrane must be laid over a 
smooth surface. A wood deck that is 
to receive a roof membrane should 
have gaps or knotholes filled with a 
nonshrinking paste filler. 


Thermal Insulation 


Thermal insulation for a low-slope 
roof may be installed in any of three 
positions: below the structural deck, 
between the deck and the mem- 
brane, or above the membrane 


(Figure 11.30). 


Insulation below the Deck 

Below the deck, fibrous batt insulation 
is installed between framing mem- 
bers above a vapor retarder made of 
polyethylene sheeting. A ventilated 
airspace should be _ provided be- 
tween the insulation and the deck 


294 / Part Three * Wood Light Frame Construction 


Low-slope roofs with insulation below the deck must be vented. 
Venting the joist cavities from the eave is usually adequate, 

but venting from two opposite sides provides better airflow. 
The drawing illustrates ventilation air entering through an eave 
or outside edge and exiting through a parapet or wall at the 


to dissipate stray water vapor. Vents 
should be located at opposite sides of 
the roof, at eaves, parapets, or walls 
(Figure 11.31). This organization of 
roofing, insulation, vapor retarder, 
and ventilation space is the same ba- 
sic arrangement found in most steep 
roofs. Insulation in this position in 
low-slope roofs is relatively economi- 
cal and trouble-free, but it leaves the 
membrane exposed to the full range 
of outdoor temperature fluctuations. 


Insulation between the Deck and 
the Membrane 
The traditional position for low-slope 
roof insulation is between the deck 
and the membrane. Insulation in this 
position must be in the form of low- 
density rigid panels in order to sup- 
port the membrane. The insulation 
protects the deck from temperature 
extremes and is itself protected from 
weather by the membrane. The roof 
membrane in this type of installation is 
subjected to extreme temperature vari- 
ations, and any water or water vapor 
that may accumulate in the insula- 
tion will become trapped beneath the 
membrane, which can cause the insu- 
lation and roof deck to decay. In addi- 
tion, vapor pressure from the trapped 
moisture can cause the membrane 
to blister and eventually to rupture. 
(See Chapter 17 for an explanation of 
insulation and vapor problems.) 

Two precautions are advisable 
in cold climates for insulation that 


opposite side of the roof. 
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is located between the deck and the 
membrane. A vapor retarder should be 
installed below the insulation, and the 
insulation should be ventilated to allow 
the escape of any moisture that may ac- 
cumulate there. Ventilation is accom- 
plished by installing topside vents, one 
per thousand square feet (100 m?) or 
so, that allow water vapor to escape up- 
ward through the membrane. Topside 
vents are most effective with a loose-laid 
membrane, which allows trapped mois- 
ture to work its way toward the vents 
from any part of the insulating layer. 


Insulation above the Membrane: 
The Protected Membrane Roof 
Insulation above the roof membrane, 
known as a protected membrane roof 
(PMR), is a relatively new concept 
(Figure 11.32). It offers two major 
advantages. First, the membrane is 
protected from extremes of heat 
and cold. Second, the membrane is 
on the warm side of the insulation, 
where it is immune to vapor blister- 
ing problems. Because the insulation 
itself is exposed to water when placed 
above the membrane, the insulating 
material must be one that retains its 
insulating value when wet and does 
not decay or disintegrate. Extruded 
polystyrene foam board is the one 
material that has all these qualities. 
The insulating board is either laid 
loose or embedded in a coat of hot 
asphalt to adhere it to the membrane 
below. It is held down and protected 


SOY 


from sunlight (which disintegrates 
polystyrene) by a layer of ballast. The 
ballast may consist of crushed stone, 
a thin layer of concrete that has been 
factory laminated to the upper surface 
of the insulating board, or interlocking 
concrete blocks (Figure 11.33). Crit 
ics of the protected membrane roof 
system originally predicted that the 
membrane would disintegrate quickly 
because of its continual exposure to 
dampness trapped under and around 
the insulating boards. However, experi- 
ence of more than 30 years has shown 
that the membrane ages little when 
protected from sunlight and tempera- 
ture extremes by the insulation boards, 
despite the presence of moisture. 


Vapor Retarders for 
Low-Slope Roofs 


When the insulation is above the 
membrane, the membrane itself also 
serves as the vapor retarder. In all 
other low-slope roof constructions, 
a separate vapor retarder is advis- 
able except in warm, humid climates, 
where wintertime condensation is 
not a problem and summertime air 
conditioning can cause water vapor 
to migrate inward through the roof. 
In every case, the potential migration 
of moisture through the insulation 
should be considered in relation to 
the membrane, which always acts as 
a vapor retarder (no matter what its 
position relative to the insulation). 


The Low-Slope Roof 
Membrane 


The membranes used for low-slope 
roofing fall into three general catego- 
ries: the built-up roof membrane, the 
single-ply roof membrane, and the 
fluid-applied roof membrane. 


The Built-Up Roof Membrane 

A built-up roof (BUR) membrane is 
assembled in place from multiple 
layers of asphalt-impregnated felt 
bedded in bitumen (Figures 11.34 
and 11.35). The felt fibers may be cel- 
lulose, glass, or synthetic. The felt is 
saturated with asphalt at the factory 
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FIGURE 11.32 

A cutaway detail of a proprietary type 

of PMR shows, from bottom to top, the 
roof deck, the membrane, polystyrene 
foam insulation, a polymeric fabric that 
separates the ballast from the insulation, 
and the ballast. (Courtesy of Dow Chemical 
Company) 


FIGURE 11.33 

Roofers embed stone ballast in hot 
asphalt to hold down and protect the 
panels of rigid insulation in a PMR. The 
area of the membrane behind the wheel- 
barrow has not yet received its insulation. 
(Courtesy of Celotex Corporation) 


and delivered to the site in rolls. The 
bitumen is usually asphalt derived 
from the distillation of petroleum, 
but for PMR or very low-slope roofs, 
coal-tar pitch is used instead, because 
of its greater resistance to standing 
water. Both asphalt and coal-tar pitch 
are applied hot in order to merge 
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FIGURE 11.34 

Two typical BUR constructions, as seen from 
above. The top diagram is a cutaway view of a 
BUR over a plywood roof deck. The membrane 
is made from plies of felt overlapped in such a 
way that it is never less than four plies thick. A 
nonpermeable base sheet isolates the mem- 
brane from the deck, which will move slightly 
due to changes in loading and moisture content. 
The insulation for this roof is below the deck 
between the structural joists. The bottom 
diagram shows how rigid insulation boards are 
attached to a plywood roof deck to provide a 
firm, smooth base for application of the mem- 
brane. The insulation acts in the same manner 
as the base sheet in the top diagram to isolate 
the membrane from movement in the roof 
deck. A three-ply membrane is shown. In cold 
climates, a vapor retarder should be installed 
between the layers of insulation. (Courtesy of 
National Roofing Contractors Association) 


with the saturant bitumens in the felt 
and form a single-piece membrane. 
The felt is laminated in overlapping 
layers (plies) to form a membrane 
that is two to four plies thick. The 
more plies used, the more durable 
the roof. To protect the membrane 
from sunlight and physical wear, a 
layer of aggregate (crushed stone or 
other mineral granules) is embedded 
in the surface (Figure 11.33). 


Cold-applied mastics may be 
used in lieu of hot bitumen in BUR 
membranes. A roofing mastic is 
compounded of asphalt and other 
substances to bond to felts or to syn- 
thetic fabric reinforcing mats at or- 
dinary ambient temperatures. The 
mastic may be sprayed or brushed 
on and hardens by the evaporation 
of solvents. 
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Single-Ply Roof Membranes 

Single-ply membranes are a diverse and 
rapidly growing group of sheet ma- 
terials that are applied to the roof in 
a single layer. Compared to built-up 
membranes, they require less on-site 
labor, and they are usually more elastic 
and therefore less prone to cracking 
and tearing. They are affixed to the roof 
by any of several means: with adhesives, 
by the weight of ballast, by fasteners 


concealed in the seams between sheets, 
or, if they are sufficiently flexible, with 
ingenious mechanical fasteners that do 
not penetrate the membrane. 

The materials currently used for 
single-ply membranes fall into two 
general groups, thermoplastic and 
thermosetting. Thermoplastic maten- 
als may be softened by applying heat. 
Sheets of thermoplastic membrane 
may be joined at seams by heat weld- 
ing or solvent welding. Thermosetting 
materials cannot be softened by heat. 
They must be joined at seams by ad- 
hesives or pressure-sensitive tapes. 

The most common thermoplas- 
tic membrane is made of polyvinyl 
chloride (PVC), a relatively low cost 
compound commonly known as 
“vinyl.” PVC sheet for roofing is 0.045 
to 0.060 inch (1.14 to 1.5 mm) thick. 
It may be laid loose, mechanically at- 
tached, adhered, or used as a protect- 
ed membrane. Other thermoplastic 
membranes with increased flexibility, 
cohesion, toughness, resistance to ul- 
traviolet deterioration, and fire resis- 
tance are also available. 

The most widely used thermoset- 
ting material for single-ply roof mem- 
branes is ethylene propylene diene 
monomer (EPDM). Relatively low 
in cost, it is a synthetic rubber man- 
ufactured in sheets 0.030 to 0.060 
inch (0.75 to 1.5 mm) thick. It may 
be laid loose, adhered, mechanically 
fastened, or used in a protected mem- 
brane roof. Other thermosetting ma- 
terials are also available. 


Fluid-Applied Membranes 

Fluid-applied membranes are used pri- 
marily for domes, shells, and other 
complex shapes that are difficult to 
roof by conventional means. Such 
shapes are often too flat on top for 
shingles, but too steep on the sides 
for built-up roof membranes, and, if 
doubly curved, are difficult to fit with 
single-ply membranes. Fluid-applied 
membranes are applied in liquid form 
with a roller or spray gun, usually in 
several coats, and cure to form a rub- 
bery membrane. Materials applied by 
this method include neoprene (with a 
weathering coat of chlorosulfonated 


polyethylene), silicone, polyurethane, 
butyl rubber, and asphalt emulsion. 


Traffic Decks 


Often, a terrace is desired on the up- 
per floor of a house over a low-slope 


FIGURE 11.35 
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roof covering a portion of the floor 
below. In this case, the membrane 
is generally applied directly to the 
sheathing, and the insulation is in 
the structure below (Figure 11.36). 
Because people and furniture can be 
expected to be moving about on the 


Overlapping layers of roofing felt are hot-mopped with asphalt to create a four-ply 


membrane. (Courtesy of Manville Corporation) 


oF 


FIGURE 11.36 


A heat-sealed, single-ply roof at the low corner of a small roof terrace. The single-ply 
roofing has been applied directly to plywood sheathing and heat-sealed at the joints. 
A copper drain in the floor leads to a scupper and downspout. The hole in the wall is 
an overflow drain that will allow water to escape in case the main drain gets clogged. 
Siding will lap over the edges of the roofing, and concrete pavers set on building felt 
will protect the roofing against abrasion. (Photo by Rob Thallon) 
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terrace, it is necessary to protect the 
membrane from abrasion. One com- 
mon approach for small terraces is 
to use concrete pavers that are set on 
a thin bed of sand or on a 30-pound 
felt slip sheet that acts as a cushion 
between pavers and membrane. The 
pavers must be retained at all edges, 
so this approach works best when the 
terrace is bounded by a solid railing 
with a scupper for drainage (Fig- 
ure 11.37). Another common detail 
for this situation employs a thin light- 
weight concrete slab over the mem- 
brane. The structure below must be 
very stiff to prevent cracking in the 
slab, especially if the terrace is large. 


FIGURE 11.37 

A completed roof terrace similar to the 
one under construction in Figure 11.36. 
(Photo by Rob Thallon) 


Wood duckboards, essentially a thin 
wooden deck on sleepers, may also be 
used to protect terrace membranes. 


RoOoF EDGE DETAILS 


The outer edge of a steep roof, where 
it meets the wall at the eave and rake, 
requires special attention by the 
building’s designer. Several objec- 
tives must be kept in mind. The eaves 
and rakes should be designed so that 
the siding can be easily attached. The 
edges of the roofing material should 
be positioned and supported in such 
away that water flowing over them will 


drip free of the trim and siding below. 
The eaves must be ventilated to allow 
for the free circulation of air beneath 
the roof sheathing (Figure 11.38). 
Finally, provision must be made 
to attach gutters or to provide an- 
other means to drain rainwater and 
snowmelt from the roof without dam- 
aging the structure below. 

Details at the edges of low-slope 
roofs have similar requirements. 
Where overhangs occur, details should 
be similar to eaves for steep roofs. 
Parapets require details that ensure 
that the roof membrane is turned up 
onto the wall a sufficient distance to 
contain rainwater and snowmelt and 
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FIGURE 11.38 

Three ways, from among many, of finish- 
ing the eaves of a wood light frame build- 
ing. The top detail has a wood fascia and 
a wood gutter. The gutter is spaced away 
from the fascia on wood blocks to help 
prevent decay of the gutter and fascia. 
The width of the overhang may be varied 
by the designer, and a metal or plastic 
gutter may be substituted for the wood 
one. The sloping line at the edge of the 
ceiling insulation indicates a vent spacer 
as shown in Figure 17.26. The middle 
detail has no fascia or gutter; it works best 
for a steep roof with a sufficient overhang 
to drain water well away from the walls 
below. The bottom detail is finished 
entirely in aluminum. It shows wood 
blocking as an alternative to vent spacers 
for maintaining free ventilation through 
the attic. Sometimes, designers entirely 
eliminate eave overhangs and gutters 
from their buildings for the sake of a 
“clean” appearance, but this is ill-advised 
because the water from the roof washes 
over the walls, which leads to staining, 
leaking, decay, and premature deteriora- 
tion of the windows, doors, and siding. 
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that siding has sufficient clearance 
from wet surfaces. Where neither eave 
nor parapet is present at the edge of a 
low-slope roof, venting is usually pro- 
vided through the wall or fascia. Some 
typical details of low-slope roofs are 


Rake boards 
Trim board and / 
spacer strip. 


Siding. 


presented in Figures 11.40 to 11.42. 
All are shown with built-up roof mem- 
branes, but details for single-ply mem- 
branes are similar in principle. 

The construction of eaves, rakes, 
and parapets is done by the framing 


Metal drip edge 


Siding 


FIGURE 11.39 
Two typical details for the rakes (sloping edges) of sloping roofs. One detail has no rake over- 
hang, and the other has an overhang supported on lookouts. The spacer strip in the detail at 


Rake board ———~" 


contractor and is generally completed 
before the roofing is installed, though 
the trim is usually left off until the time 
when the siding is installed. If weather 
permits, the eaves and rakes are often 
painted before the roofing is installed. 


Spacer strip 


the right supports the rake board slightly away from the siding—forming a drip edge that also 
trims the top of the siding. 


FIGURE 11.40 

A roof edge for a conventional built-up roof. The 
membrane consists of four plies of felt bedded in 
asphalt with a gravel ballast. The base flashing is 
composed of two additional plies of felt that seal 
the edge of the membrane and reinforce it where 
it bends over the curb. The curb directs water 
toward interior drains or scuppers rather than 
allowing it to spill over the edge. 
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FIGURE 11.42 
A conventional parapet design. Plywood deck 
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FIGURE 11.41 

Detail of a scupper. The curb is discon- 
tinued to allow water to spill off the roof 
into a gutter and downspout. Additional 
layers of felt, called “stripping,” seal 
around the sheet metal components. 
Large roofs use interior drains rather 
than scuppers as their primary means of 
drainage. 


RooOF DRAINAGE 


Gutters with downspouts (downspouts 
are also called “leaders”) are usually 
installed along the eaves of a slop- 
ing roof to remove rainwater and 
snowmelt without allowing them to 
wet the walls or cause splashing or 
erosion on the ground below (Fig- 
ure 11.43). By far the most common 
gutter system in use today is the con- 
tinuous metal gutter, which is formed 
at the site in uninterrupted lengths 
of up to 40 feet or more (Figure 
11.44). Usually made of steel or alu- 
minum with a baked-enamel finish, 
continuous gutters come in a vari- 
ety of shapes and virtually eliminate 
joints, which are the most common 
source of gutter failure. 

Gutters are usually spiked to the 
eave of the building (Figure 11.45) 
and are gently sloped toward the 
points at which vertical downspouts 
drain away the collected water. The 
spacing and flow capacities of down- 
spouts are determined by formu- 
las based on local rainfall history. 
At the bottom of each downspout, 
a means must be provided for get- 
ting the water away from the build- 
ing, in order to prevent soil erosion 
and basement flooding. A system of 
underground storm drain pipes can 
collect the water from all the down- 
spouts and conduct it to a storm 
sewer, a dry well, or a drainage ditch 
(Figure 7.23). In locations where 
storm drainage is not required, 
splash blocks at the base of each 
downspout minimize erosion and di- 
rect runoff away from the building. 
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FIGURE 11.43 

Gutters collect rainwater runoff at the 
level eave of a roof, and downspouts 
conduct this runoff to the ground, where 
it is discharged. In this case, the down- 
spout discharges onto a lower roof over 
which the water will run until it reaches 
another gutter at the eave. Gutters and 
downspouts are usually made with a wide 
range of standard parts that allows them 
to contro] the runoff from virtually any 
roof. (Photo by Rob Thallon) 


Gutters made of plastic are gener- 
ally more durable than metal gutters 
because they will return to their origi- 
nal shape after being deformed. Plas- 
tic gutters are more expensive than 
metal gutters, however, and require 
many more fittings because they are 
not as strong or as stiff, so they re- 
quire more time to install. Neverthe- 
less, they remain popular in some 
geographical areas and with owner/ 
builders. Wooden gutters, although 
antiquated, expensive, and imperma- 
nent, are still used in some regions 
for aesthetic reasons. Custom-made 
gutters that are recessed into the 
surface of the roof are popular with 
architects because they are virtually 
invisible (Figure 11.46), but they are 
expensive and difficult to construct 
sufficiently well to prevent water from 
entering the building if the gutters 
should become clogged with debris. 

Some codes allow rainwater gut- 
ters to be omitted entirely if the over- 
hang of the roof is sufficient, thus 
avoiding the problems of clogging and 
ice buildup commonly associated with 
gutters. Typical minimum overhangs 
for gutterless buildings are | foot (300 
mm) for single-story buildings, and 2 
feet (600 mm) for two-story buildings. 
To prevent soil erosion and mud spat- 
ter from dripping water, the drip line 
at ground level below the gutterless 
eave must be protected with a bed of 
stone (Figure 11.47). 


FIGURE 11.44 

Continuous seamless gutters 
are made with a trailer- 
mounted gutter machine. 

A roll of sheet metal is fed 
into one end of the machine, 
which forms it into continu- 
ous lengths of gutter. Workers 
need only install end caps 
and downspout fittings to the 
gutter before it is mounted 
on the house. Most such 
machines are owned and op- 
erated by sheet metal shops. 
(Photo by Rob Thallon) 


FIGURE 11.45 
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The spike and ferrule is 
the most common 
gutter attachment system 
because it is the 
simplest. The system 
requires a solid fascia 
with a vertical face. 


FIGURE 11.46 
This custom gutter system will be hidden behind a flashing at the base of a standing- 
seam roof. (Photo by Rob Thallon) 


ROOFING AND THE 
BUILDING CODES 


Manufacturing standards and instal- 
lation procedures for roofing mate- 
rials are specified by all the model 
building codes. Building codes also 
regulate the type of roofing that may 
be used on a building, based on a 
required level of resistance to flame 
spread and fire penetration as mea- 
sured by ASTM International (for- 
merly the American Society for Test- 
ing and Materials; ASTM) procedure 
E108. Roofing materials are grouped 
into the following four classes: 


Gutter 


Fascia 


¢ Class A roof coverings are effective 
against severe fire exposure. They in- 
clude slate, concrete tiles, clay tiles, 
most asphalt shingles, most built-up 
and single-ply roofs, and other mate- 
rials certified as Class A by approved 
testing agencies. They may be used 
on any building in any type of con- 
struction. 

¢ Class B roof coverings are effective 
against moderate fire exposure and 
include many built-up and single-ply 
roofs, sheet metal roofing, and some 
composition shingles. 


¢ Class C roof coverings are effec- 
tive against light fire exposure. They 
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FIGURE 11.47 
There are ways other than downspouts to 


control storm water runoff from a roof. 
Runoff from the left side of this roof 
will be conducted to the ground over the 
surface of a chain. Runoff from the right 
side will drip directly from the roof into 
a stone splash bed. (Photo by Rob Thallon) 


include fire-retardant-treated wood 
shingles and shakes. 


¢ Nonclassified roof coverings such 
as untreated wood shingles may be 
used on most residential construc- 
tion and on some agricultural, acces- 
sory, and storage buildings. 


ASTM E108 applies to whole 
roof assemblies, including deck, in- 
sulation, membrane or shingles, and 
ballast, if any. Therefore, the classi- 
fications given in the preceding list 
should be taken only as a general 
guide. It is difficult to summarize with 
precision the classification of any par- 
ticular type of shingle or membrane 
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without knowing the other compo- 
nents of the assembly. The required 
class of roofing for a particular build- 
ing may also be affected by an urban 
fire zone in which the building is 
located and by the proximity of the 
building to its neighbors. 


BUILDING GREEN WITH 
ROOFING 


The roof of a building has the poten- 
tial to play many roles that can make 
buildings more sustainable: 


e A roof can capture rainwater and 
snowmelt and conduct them to a cis- 
tern, tank, or pond for use as domes- 
tic water or irrigation. 


¢ A roof can reduce solar overheat- 
ing of the occupied space of a build- 
ing in several ways, as listed below: 


¢ A properly proportioned overhang 
can shade south-facing windows from 
the high summer sun but admit warm- 
ing light from the low winter sun. 


¢ Alight-colored or metallic roof cov- 
ering, if kept clean, can reflect most 
solar heat away from its surface so as 
to keep it from reaching the occupied 


space below. Darker-colored roof 
surfaces are much more absorbent 
of solar heat. However, selectively 
absorbing pigments that reduce the 
heat absorption of darker-colored 
shingles and roof membranes by 
about 25 percent are available from 
many roofing manufacturers. 


¢ In a hot climate, a shading layer 
above a roof, with a freely ventilated 
space between, can eliminate most 
solar heat gain through the roof sur- 
faces. The shading layer might consist 
of latticework, fabric, or corrugated 
metal. The exact material is less im- 
portant than providing both shading 
and ventilation. 

e If appropriately oriented and in- 
clined, a roof surface can support 
flat-plate solar heat collectors and/or 
arrays of photovoltaic cells. 


Low-Slope Membranes 


Low-slope roof membranes have vary- 
ing impacts on the environment: 


C.S.1./C.S.C. 
MasterFormat Section Numbers for Finishing the Roof 


07 30 00 
07 31 00 
07 32 00 
07 33 00 
07 41 00 


07 50 00 


07 51 00 
07 52 00 
07 53 00 
07 54 00 
07 56 00 
07 58 00 


07 60 00 


07 61 00 
07 62 00 
07 65 00 
07 70 00 


e Built-up roofing is largely based 
on asphaltic compounds derived 
from coal and petroleum. 


¢ Roofing operations with hot as- 
phalt and pitch give off plentiful 
quantities of fumes that are decid- 
edly unpleasant and potentially un- 
healthy, but once the roof has cooled, 
these emissions subside. 


A low-slope roof can be made 
green quite literally by adding a layer 
of organic soil and then planting a 
meadow on the soil. The plants and 
soil add thermal insulating value to 
the roof and store some of the rain- 
water and snowmelt that the roof 
gathers. They create a passive cooling 
effect through the vaporization of 
soil moisture into the air. The plants 
consume carbon dioxide and _ pro- 
duce oxygen, as well as presenting a 
more attractive surface than conven- 
tional roof assemblies, but they do 
require constant attention to keep 
them growing and extra structure to 
support the weight of the soil. 


Steep Slope Roofing 
Shingles and Shakes 
Roof Tiles 

Natural Roof Coverings 
Roof Panels 


MEMBRANE ROOFING 


Built-up Bituminous Roofing 

Modified Bituminous Membrane Roofing 
Elastomeric Membrane Roofing 
Thermoplastic Membrane Roofing 
Fluid-Applied Roofing 

Roll Roofing 


FLASHING AND SHEET METAL 


Sheet Metal Roofing 

Sheet Metal Flashing and Trim 

Flexible Flashing 

ROOF AND WALL SPECIALTIES AND 


ACCESSORIES 


08 60 00 


ROOF WINDOWS AND SKYLIGHTS 


SELECTED REFERENCES 


1. National Roofing Contractors Asso- 
ciation. Roofing and Waterproofing Manual. 
Rosemont, IL: National Roofing Contrac- 
tors Association. Updated frequently. 


Covers all types of roofs, both low and 
high slope. It’s the roofing industry bible. 


Key TERMs AND CONCEPTS 


roofing square 

underlayment 

ice-and-water shield 

roof flashing 

roof slope 

steep roof 

low-slope roof 

roof jack 

solid sheathing 

sheathing clip 

spaced sheathing (open or skip 
sheathing) 

thermal insulation 

vapor retarder 

shingle 


REVIEW QUESTIONS 


1. What are the major differences be- 
tween a low-slope roof and a steep roof? 
What are the advantages and disadvan- 
tages of each type? 

2. Discuss the three positions in which 
thermal insulation may be installed in a 
low-slope roof and the advantages and 
disadvantages of each. 


EXERCISES 


1. Sketch the eave detail of a steep roof 
system of your choice. Now sketch the 
rake detail of the same system and figure 
out how the eave and rake connect at 
the corner. You may have to make a scale 
model to understand this completely. 


2. Patterson, Stephen, and Madan, Mehta. 
Roofing Design and Practice. Upper Saddle 
River, NJ: Prentice Hall, 2001. 


This is a general text, well illustrated and 
readable, that covers all kinds of roofing. 


roof tile 

sheet metal roofing 
roll roofing 
asphalt shingle 
wood shingle 
shake 
interlayment 
tile roof 

clay tile 
concrete tile 
slate tile 
standing seam 
panel roofing 
membrane 
drainage 


3. Explain in precise terms the function 
of a vapor retarder in a low-slope roof. 


4. Compare a BUR membrane to a single- 
ply roof membrane. 


5. What is the difference between cedar 
shingles and cedar shakes? 


6. What are some reasons for and against 
adding gutters to the roof of a house? 


2. Find a low-slope roof system being in- 
stalled and take notes on the process until 
the roof has been completed. Ask ques- 
tions of the roofers, the architect, or your 
instructor about anything you don’t un- 
derstand. 
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roof deck 

topside vent 

protected membrane roof (PMR) 
built-up roof (BUR) membrane 
single-ply membrane 
thermoplastic material 
thermosetting material 
fluid-applied membrane 

traffic deck 

gutter 

downspout 

continuous metal gutter 

splash block 

Class A, B, C roofing 


What precautions should be considered 
when gutters are not used? 


7.What are the advantages and disad- 
vantages of the various types of gutter 
systems? 


8. At what point in exterior finishing op- 
erations can interior finishing operations 
begin? 


3. Examine a number of existing roofs 
around your neighborhood, looking for 
evidence of problems such as cracking, 
blistering, and leaking. Photograph the 
problem area and explain to your class 
the reasons for each problem that you 
discover. 


RE a ROPE P 


WINDOWS AND 
EXTERIOR DOORS 


¢ Windows ¢ Exterior Doors 
Types of Windows Door Construction 
Window Construction Installing Exterior Doors 
Glazing 


¢ Building Green with 


Safety Considerations in Windows ce 
Windows and Doors 


Window Testing and Standards 
Installing Windows 
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The word “window” is thought to have originated in an Old English expression that means “wind eye” or 
“wind hole.” The earliest windows in buildings were open holes through which smoke could escape and 
fresh air could enter. Control devices of various kinds were soon added to the holes: Hanging skins, mats, 
or fabric were used to regulate airflow. Shutters were added to provide shading and to keep out burglars. 
Translucent membranes of oiled paper or cloth and, eventually, glass were developed to admit light while 
preventing the entry of air, water, and snow. When a translucent membrane was eventually mounted in a 
moving sash, light and air could be controlled independently of one another. With the addition of woven 


cross ventilation. 


WINDOWS 


The basic components of a window 
(Figure 12.1) are the sash, which 
holds the glass; the jamb, which is the 
frame around the sash that fits into 
the rough opening in the wall; and 
the casing, which surrounds the jamb 
and covers the gap between the win- 
dow and the framing, both inside and 
out. At the base of the window, the 
sash rests on an exterior sill, which 
slopes away from the building to car- 
ry away rainwater. When two sashes 
are adjacent, the structural piece 


between them, whether horizontal or 
vertical, is called a mullion. Divisions 
within a sash are made with slender 
pieces called muntins. 

A prime window is a window that is 
permanently installed in a building. A 
storm window is a removable auxiliary 
unit that is added seasonally to a prime 
window to improve its thermal perfor- 
mance. A combination window, which is 
an alternative to a storm window, is an 
auxiliary unit that incorporates both 
glass and insect screening; a portion 
of the glass is mounted in a sash that 
can be opened in summer to allow 
ventilation through the screening. A 


insect screens, windows permitted air movement while keeping out mosquitoes and flies. Further im- 
provements followed one upon another as the centuries passed. A typical window today is an intricate, 
sophisticated mechanism with many layers of controls: curtains, shade or blind, sash, glazings, insulating 
airspace, low-emissivity coatings, insect screen, weatherstripping, and perhaps a storm sash or shutters. 

Windows and doors are very special components of walls. Windows allow for simultaneous control 
of the passage of light, air, and visual images through walls. Doors permit people, goods, and, in some 
cases, vehicles to pass through walls. Windows and doors, in addition to these important functions, 
play a large role in establishing the character and personality of a building, much as our eyes, nose, and 
mouth play a large role in our personal appearance. At the same time, windows and doors are the most 
complex, expensive, and potentially troublesome parts of a wall. The experienced designer exercises 
great care and wisdom in selecting them and detailing their installation to achieve satisfactory results. 

The size, proportion, and location of windows can have a significant impact not only on the charac- 
ter of a house, but also on its energy performance. Even the most energy-efficient window allows 4 to 
10 times as much heat to pass through as does a reasonably well insulated wall, so the amount of window 
area in an exterior wall should be judiciously monitored by the designer. In fact, building codes set 
prescriptive limits for the percentage of the gross area of exterior wall that can be made of glass. The 
International Residential Code, for example, specifies a maximum of 15 percent glazed (glass) area for 
normally insulated houses. Windows can also contribute to heating a house when oriented to take advan- 
tage of passive solar heat gain. Codes typically boost the maximum allowable gross area of glass in exte- 
rior walls when 50 percent or more of the glass is located in a south-facing wall. Cooling energy savings 
can also be realized by locating operable windows in positions to take advantage of natural 


combination window is normally left 
in place year-round. Some windows 
are designed and manufactured spe- 
cifically as replacement windows that 
install easily in the openings left by 
deteriorated windows that have been 
removed from older buildings. 


Types of Windows 


Figure 12.2 illustrates in diagrammat- 
ic form the window types most com- 
monly used in residential buildings. 
Fixed windows are the least expen- 
sive and the least likely to leak air or 
water because they have no operable 
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Head FIGURE 12.1 components. Single-hung and double- 

aca Window nomenclature hung windows have one or two moving 

follows a tradition thathas _ sashes that slide up and down in tracks 

developed over hundreds in the frame of the window (Figure 

eed of years. The jamb and 12.3). In older windows, the sashes 

Interior behind sill are known collectively were held in position by cords and 
aes casing) as the frame. The head counterweights, but today’s double- 
jamb is usually referred to = hung windows usually rely on a sys- 

simply as “the head.” tem of springs to counterbalance the 

ae weight of the sashes. A sliding window 


is essentially a single-hung window on 
its side and shares with single-hung 
and double-hung windows the ad- 
vantage that tracks in the frame hold 
the sash securely along two opposite 
sides. This inherently stable construc- 
tion allows single-hung, double-hung, 
and sliding windows to be designed 
in an almost unlimited range of sizes 
and proportions. It also allows the 
sashes to be more lightly built than 


Double-hung Sliding 


Casement Awning Hopper 


FIGURE 12.3 

Double-hung window from the early 20th 
century. There are two operable sashes, 
each of which is counterbalanced with 


weights for ease of operation. The upper 

sash overlaps the lower sash to keep out 

the weather. Adding a storm sash to the 
FIGURE 12.2 exterior can weatherize historic sashes 
Skylight Roof window Basic window types. such as these. (Photo by Rob Thallon) 


310 / Part Three * Wood Light Frame Construction 


those in projected windows, a category 
that includes principally casement win- 
dows and awning windows. All project- 
ed windows have sashes that rotate 
outward from their frames and there- 
fore must have enough structural 
stiffness to resist wind loads while also 
supporting their own weight at only 
two corners. 

With the exception of the rare 
triple-hung window, no window with 
sashes that slide can be opened to 
more than half of its total area. By 
contrast, projected windows can be 
opened to their full area. Casement 
windows are helpful in catching pass- 
ing breezes and inducing ventila- 
tion through the building; they are 
generally narrow (30 inches, or 762 
mm, maximum) in width but can be 
joined to one another and to sashes 
of fixed glass to fill wider openings 
(Figure 12.4). Awning windows can 
be broad but are not usually very tall. 
Awning windows have the advantages 
of protecting an open window from 
water during a rainstorm and of lend- 
ing themselves to a building-block ap- 
proach to the design of window walls 
(Figure 12.5). Tilt/turn windows have 
elaborate but concealed hardware 
that allows each window to be oper- 
ated either as an in-swinging casement 
or as a hopper. Windows in roofs are 
specially constructed and flashed for 
watertightness and may be either fixed 
(skylights) or openable (roof windows). 

Projected windows are usually 
provided with synthetic rubber (elas- 
tomeric) weatherstripping that seals by 
compression around all the edges of 
the sash when it is closed. Single-hung, 
double-hung, and sliding windows 
generally must rely on _ brush-type 
weatherstripping because it does not 
exert as much friction as elastomeric 
materials against a sliding sash. Brush- 
type materials do not seal as tightly as 
compression weatherstripping, and 
they are also subject to more wear 
than elastomeric weatherstripping 
over the life of the window. As a result, 
projected windows are generally some- 
what more resistant to air leakage than 
windows that slide in their frames. 


FIGURE 12.4 

Windows can be “ganged” at the factory or at the site. Ganging of windows consists 
of fastening standard windows together into a single unit. It is most efficient to gang 
at the factory, but if the assembly is very large, collections of sashes ganged at the 
factory must be further joined at the site. (Photo by Rob Thallon) 


FIGURE 12.5 
Awning and fixed windows in coordinated sizes offer the architect the possibility of 
creating patterned walls of glass. (Courtesy of Marvin Windows and Doors) 


Insect screens may be mounted 
only on the interior side of the sash 
in casement and awning windows. To 
open the window with the screen in 
place, most manufacturers use a crank 
mechanism. Screens are mounted on 
the outside in other window types. 

Glass tends to attract and hold 
dust and dirt on both inside and out- 
side surfaces and must be washed at 
intervals if it is to remain transpar- 
ent and attractive. Inside surfaces 
are usually easy for window washers 
to reach. Outside surfaces are often 
hard to reach, requiring ladders or 
scaffolding. Accordingly, most oper- 
able windows are designed to allow 
people to wash the outside surface of 
glass while standing inside the build- 
ing. Casement and awning windows 
are usually hinged in such a way that 
there is sufficient space between the 
hinged edge of the sash and the frame 
when the window is open to allow ac- 
cess to the outer surface of glass for 


FIGURE 12.6 

For ease of washing the exterior surfaces 
of the glass, the sashes of this plastic 
window can be unlocked from the frame 
and tilted inward. (Courtesy of Vinyl 
Building Products, Inc.) 
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ease of cleaning. Double-hung and 
sliding windows are often designed to 
allow each sash to be rotated out of its 
track for cleaning (Figure 12.6). 


Window Construction 


Windows were formerly made on the 
construction site by highly skilled 
carpenters, but nearly all are pro- 
duced now in factories (Figure 12.7). 
Factory-produced windows cost less 
and, more important, are of better 
quality. Windows need to be made to 
a very high standard of precision if 
they are to operate easily and main- 
tain a high degree of weathertight- 
ness over a period of many years. 
The traditional material for 
window frames and sashes is wood, 
although aluminum, plastics, and 
combinations of these three materi- 
als have also come into widespread 
use. Wood is a fairly good thermal in- 
sulator and, if free of knots, is easily 


FIGURE 12.7 
Most new windows and doors in North America are made in very large factories such 
as this. Assembly-line production and economy of scale result in high-quality products 
at prices with which it is difficult for small companies to compete. (Photo courtesy of 
Andersen Windows, Inc.) 


worked into sash. However, in service, 
wood shrinks and swells with chang- 
ing moisture content and requires 
repainting every few years. When 
dampened by weather, leakage, or 
condensate, wood windows are subject 
to decay. Knot-free wood is becoming 
increasingly rare and expensive, for 
which reason wood products made of 
short lengths finger jointed together, 
oriented wood strands, or veneers are 
now used more frequently in window 
construction than solid lumber. These 
substitute materials, while functional- 
ly very satisfactory, are not attractive 
to the eye, so they are usually covered 
(clad) with wood veneer on the inside 
and an exterior cladding of plastic or 
aluminum (Figures 12.8 and 12.9). 
Clad windows currently account for 
about three-quarters of the market 
for wood windows. 

Vinyl windows, which are captur- 
ing a continuously increasing pro- 
portion of the residential window 
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FIGURE 12.9 
FIGURE 12.8 Cutaway sample of an aluminum-clad, 
Manufacturer’s catalog details for an aluminum-clad, wood-framed casement window wood-framed window. (Courtesy of Marvin 
with double glazing and an interior insect screen. (Courtesy of Marvin Windows and Windows and Doors) 


Doors) 
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1) FIGURE 12.11 


40 Details of a vinyl single-hung residential 


window. The small inset drawing at the top 
30 


of the illustration shows an elevation view 
of the window with numbers that are keyed 
20 to the detailed sections below. (© Milgard 
(2) Manufacturing, Inc.) 


VINYL ALUMINUM WOOD 


FIGURE 12.10 
A comparison of the coefficients of GB 


thermal expansion for vinyl, aluminum, 


and wood. Vinyl expands about 10 times 


as much as wood, so allowances for dif- 
ferential movement must be made when 
joining these two materials in a building. 
Units in the graph are in./in./°F x 10~. 


market, never need painting and 
are fairly good thermal insulators. 
The most common material for vi- 
nyl window frames is polyvinyl chlo- 
ride (PVC) that is formulated with a 
high proportion of inert filler mate- 
rial to minimize thermal expansion 
and contraction. Even so, the coeffi- 
cient of thermal expansion for vinyl 
is considerably greater than that of 
other materials used in window man- 
ufacture (Figure 12.10). For this rea- 
son, only light (non-heat-absorptive) 
colors are available, and manufactur- 
ers specify that installers allow toler- 
ances between the window frame and 
the building frame to allow for ex-  /, 
d . hey 
pansion and contraction. Some typi 
cal PVC window details are shown in window with double glazing and an exter- 
Figures 12.11 and 12.12. L nal half-screen. (Courtesy of Vinyl Building 
Glass-fiber-reinforced plastic (GFRP) Products, Inc.) 
windows are new to the window mar- 
ket. GFRP frame sections are pro- 
duced by a process of pultrusion: 


Continuous lengths of glass fiber are . oeS 


©) 


NZZZA 


FIGURE 12.12 


Cutaway sample of a plastic double-hung 


pulled through a bath of plastic resin, 
usually polyester, and then through a 
shaped, heated die in which the resin 


hardens. The resulting sash pieces L 
—) 


e 


are strong, stiff, and relatively low in 
thermal expansion. Like vinyl, they 
are fairly good thermal insulators. 
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In earlier times, because of the 
difficulty of manufacturing large 
pieces of glass, sashes were necessar- 
ily divided into small lights by muntins 
(Figure 12.13). A typical double-hung 
window had its upper sash and lower 
sash each divided into six small lights 
and was referred to as a “six over six.” 
Muntin arrangements changed with 
changing architectural styles and im- 
provements with glass manufacture. 
Today’s windows, glazed with large, 
virtually flawless lights of float glass, 
need no muntins at all, but many 
building owners and designers prefer 
the look of traditional true-divided- 
light windows. This desire for divided 
lights is greatly complicated by the 
necessity of using double glazing. 


= 


FIGURE 12.13 


Some manufacturers offer the option 
of individual small lights of double 
glazing held in deep muntins. This is 
relatively expensive and tends to look 
heavy because the muntins must be 
wide to cover the edges of the double 
glazing. The least expensive option 
uses grids of imitation muntin bars, 
made of wood or plastic, that are 
clipped into each sash against the in- 
terior surface of the glass. These are 
designed to remove easily for washing 
the glass. Other alternatives are imita- 
tion muntin grids between the sheets 
of glass, which are not very convinc- 
ing replicas of the real thing, and 
grids, either removable or perma- 
nently bonded to the glass, on both 
the outside and the inside faces of the 


11 


= 


~~ lly Bee eh ara 


A pair of 6/1 double-hung windows. The muntins in the divided upper sash can 


be made in a variety of ways that are only apparent upon close scrutiny. These two 


windows were “ganged” at the factory into a single unit with a vertical mullion at the 


center. (Courtesy of Marvin Windows and Doors) 


window. Another option is to use a 
prime window with authentic divided 
lights of single glazing and to increase 
its thermal performance with a storm 
sash. Of all the options, this looks the 
best from the inside, but reflections 
in the storm sash largely obscure the 
muntins from the outside. 


Glazing 


The term glazing refers to glass incor- 
porated into a building or set within 
a window sash. A number of glazing 
options are available for residential 
windows (Figure 12.14). Single glaz- 
ing is acceptable only in the mildest 
climates because of its low resistance 
to heat flow and the likelihood that 
moisture will condense on its interior 
surface in cool weather. Sealed double 
glazing or single glazing with storm 
windows is the minimum acceptable 
glazing under most building codes. 
More than 90 percent of all resi- 
dential windows sold today in North 
America have two or more layers of 
glazing. Double glazing with a low- 
emisswvity (low-e) coating on one glass 
surface performs at least as well as 
triple glazing. The most usual form of 
triple glazing today consists of two out- 
er sheets of glass with a thin, virtually 
weightless, highly transparent plastic 
film stretched in the middle of the 
airspace. Removable glazing panels 
and storm windows must be removed 
periodically and cleaned, which is a 
nuisance that can be avoided by using 
sealed double glazing. 

Figure 12.15 shows the thermal 
properties of various glazing options. 
These values apply only to the center 
area of each light of glass. The edges 
of the light transmit heat much more 
rapidly because of the solid strips of 
material used to space the sheets of 
glass and hold them together. For this 
reason, whole-window values for heat 
transmission that take into account 
heat transmission through the edge 
spacers, sash, and frame are the only 
accurate way of comparing the ther- 
mal efficiencies of different windows. 


RX NACRAERS AAR NS 
SKN SA AGN 


Z_ 
Qa 
~ 


FIGURE 12.14 


— Airspace 


Ja Glass 


— Metal spacer 


— Desiccant 


= f ! —— 
(b) a ce Sealant (c) 


Chapter 12 * Windows and Exterior Doors / 315 


NANG AS RA 


Coated polyester film 
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Comparison of single, double, and triple glazing: (a) Single residential glazing is usually double strength, about % inch (3 mm) 


thick. (b) Double glazing consists of two sheets of glass with an airspace between them. A metal spacer at the edge of the glass 


contains desiccant that absorbs moisture contained in the air between the two sheets of glass. The entire unit is sealed at the edges. 


If this seal fails, moisture can enter and saturate the desiccant, causing the unit to fog. (c) Triple glazing is similar to double glazing 


but with an extra airspace created by either a transparent polyester film or another layer of glass between the outer layers of glass. 


Single, double, or triple glazing can be coated to transmit only selected parts of the light spectrum, and the cavity can be filled with 


argon or other inert gases to increase thermal performance. 


Thermal Insulating Values, Center of Glass 


U R 
US. S.I. US. S.I. 
Single glass 1.11 6.29 0.90 0.16 
Double glass or 0.50 2.84 2.00 0.35 
single glass plus 
storm window 
Double glass with 0.46 2.61 2.17 0.38 
argon fill 
Double glass with 0.34 1.93 2.94 0.52 
low-e coating on 
one surface 
Double glass with 0.28 1.59 3.57 0.62 
argon fill and low-e 
coating on one surface 
Triple glass 0.34 1.93 2.94 0.52 
Double glass, polyester 0.17 0.96 5.88 1.03 


film in middle of airspace, 
argon fill, low-e coating on 
two interior surfaces 


FIGURE 12.15 


Center-of-glass thermal insulating values for various types of glazing. 


Higher whole-window thermal effi- 
ciency is achieved by using thermally 
efficient frames and less conductive 
spacers around the perimeter of 
lights of multiple glazing. 

In warm climates, the dominant 
thermal problem in windows is likely 
to be excessive admission of solar 


heat to the interior of the building 
through windows on the east, west, 
and south sides of the building. 
Tinted glass can reduce the trans- 
mission of solar heat somewhat and 
make the building easier to cool. 
More effective, however, are low-e 
coatings that are designed specifically 


to reflect the wavelengths of sunlight 
that contain the most heat, while ad- 
mitting useful amounts of light to the 
building and providing good viewing 
conditions to the outdoors. 


Safety Considerations 
in Windows 


To prevent accidental breakage and 
injuries, building codes require that 
window lights that are near enough 
to the floor or doors must be made 
of breakage-resistant material. Tem- 
pered glass is most often used for 
this purpose, but laminated glass and 
plastic glazing sheets are also per- 
mitted. Building codes also require 
that at least one window in each 
bedroom must open to an aperture 
large enough to permit occupants 
of the bedroom to escape through 
it and firefighters to enter through 
it. Called an egress window, the typi- 
cal requirement is that the clear 
opening must be at least 5.7 square 
feet (0.53 m?), the clear width must 
be at least 20 inches (510 mm), 
the clear height must be at least 24 
inches (610 mm), and the sill may be 
no higher than 44 inches (1.12 m) 
above the floor. 
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Window Testing and 
Standards 


The designer’s task in selecting win- 
dows is facilitated by testing programs 
that allow objective comparisons of 
the thermal and structural perfor- 
mances of windows of different types 
and different manufacturers. Per- 
formance-based standards for wood 
and clad windows are published by 
the Window and Door Manufacturers 
Association (WDMA), for aluminum 
and plastic windows by the American 
Architectural Manufacturers Associa- 
tion (AAMA), and for PVC windows 
by ASTM International. Each of these 
standards establishes performance 
grades of windows. Within each 
grade, a design wind pressure, water 
resistance, structural performance, 
air infiltration, and operating force 
are specified. The WDMA ratings for 
wood windows, for example, establish 
six grades corresponding to satisfac- 
tory performance in wind pressures 
of 15, 20, 25, 30, 35, and 40 pounds 
per square foot (718 to 1914 Pa). 
The designer may select a grade of 
window to correspond to the severity 
of exposure to weather of the build- 
ing site and the level of performance 
that the building owner is willing to 
pay for. For an inexpensive residence 
in a sheltered location, a Grade 15 
window, the lowest classification, is 
likely to suffice. For an expensive cus- 
tom house at the coast, a Grade 35 
or 40 window is likely to be a better 
match for the more demanding en- 
vironmental conditions in which it 
must perform. 

With regard to energy efficiency, 
the National Fenestration Rating 
Council (NFRC) sponsors a_pro- 
gram of testing and labeling that is 
based on the performance of the 
whole window, not just the glass. At 
the present time, the standard label 
that is affixed to each window shows 
values for the thermal insulating val- 
ue (U-value), solar heat gain coeffi- 
cient, and visible light transmittance 
(Figure 12.16). Air leakage and 
condensation resistance categories 


have recently been added as option- 
al ratings that manufacturers may 
choose to include. 


Installing Windows 


Some catalog pages for windows are 
reproduced in Figures 12.8 and 12.12 
to give an idea of the information on 
window configurations that is avail- 
able to the designer. The most impor- 
tant dimensions given in catalogs are 
those of the rough opening. The rough 
opening height and width are the 
dimensions of the hole that must be 
left in a framed wall for the window’s 
installation. They are slightly larger 
than the corresponding outside di- 
mensions of the window unit itself 
to allow the installer to locate and 
level the unit accurately. The frame 
size is the size of the unit itself and is 
used by the designer to calculate the 


overall size of ganged windows made 
of individual window units joined to- 
gether. 

Information from the manu- 
facturer’s catalog is used by the de- 
signer to assemble a window schedule 
for utilization by the contractor (Fig- 
ure 12.17). The window schedule 
lists each window shown on the plan 
and describes its operation, the size 
of rough opening it requires, its po- 
sition on the wall (head height), its 
jamb depth, and any other informa- 
tion pertinent to its complete instal- 
lation. The contractor uses the win- 
dow schedule in conjunction with the 
construction drawings to get bids for 
windows, to order them, and to frame 
the window openings. 

Most factory-made windows 
are extremely easy to install, often 
requiring only a few minutes per 
window. Figure 12.18 shows a typical 


National Fenestration 


tig 
CERTIFIED 


Rating Council 


AAA Window Company 
Manufacturer stipulates that these ratings were determined 
in accordance with applicable NFRC procedures 
: Ratings Product 
Energy Rating Factors 


U-Factor 


Determined in Accordance with NFRC 100 


‘Solar Heat Gain Coefficient 


Determined in Accordance with NFRC 200 


Incorporat 


Model 1000 
Casement 


0.65 | 0.66 | Low-e = 0.2 


0.40 | 0.38 


Visible Light Transmittance 
Determined in Accordance with NFRC 300 & 301 


0.5" gap 
Argon Filled 


NFRC ratings are determined for a fixed set of environmental conditions 
and specific product sizes and may not be appropriate for directly 
determining seasonal energy performance. For additional information 


contact: 


FIGURE 12.16 


A typical certification label that is affixed to a window unit so that buyers may compare 


energy efficiencies. (Courtesy of National Fenestration Rating Council, Inc.) 
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Sheldon Village Window Schedule for a Three-Bedroom Townhouse 


Location No. Rough Jamb Header Header Notes: 
Key Type Ea. Opening Depth Height Size All Screened 
1 XO 1 4-0X4-0 6% 6-10" See plan 
2 XO 1 4-0X4-0 6% 6-10" See plan 
3 SH-F-SH 3 7-6X4-0 6% 6-104" See plan (3) 2-6 windows 
4 SH 1 2-6X4-0 6% 6-10" See plan 
5 XO 1 40X4-0 6% 6-104" See plan 
6 SH 1 2-6X4-0 6% 6-10" See plan Tempered 
7 XO 1 4-0X3-0 6% 6-10" See plan 
8 SH 1 3-0X5-0 6% 6-10" See plan Egress 
9 XO 1 2-0X4-0 6% 6-10" See plan 
10 SH 1 3-0X5-0 6% 6-10" See plan Egress 
11 AWNING 1 2-0X2-0 6% 4-104" See plan 
12 SH 1 3-0X5-0 6% 6-10" See plan Egress 
13 SKYLT 1 1-8X2-10 


FIGURE 12.17 


A window schedule from a set of construction documents. Each window has a reference number that is keyed to a plan drawing. Window 


manufacturers use this schedule to create a bid for the general contractor, and framers use it to coordinate installation of the windows. 


(d) 


(0) 


FIGURE 12.18 

Installing a wood casement window unit in an existing building. (Installation in 

new construction is identical, except that the siding is installed after the window.) 

(a) The window unit, with its factory-applied exterior wood casing flange, is placed 
in the opening and centered. (b) A single finish nail is driven through a lower corner 
of the casing and into the wall framing. (c) The unit is plumbed, leveled, squared, 
and shimmed before inserting nails around the remainder of the unit. (d) Sealant is 
applied between the siding and the exterior casing of the unit to reduce water leakage. 
The installation is now complete except for the installation of interior casings, which 
is shown in Chapter 20. Installation procedures for other types of wood windows are 
similar. (Courtesy of Marvin Windows, Warroad, Minnesota) 
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procedure for installing a wood 
window, nailed through the casing 
into the framing. Windows that are 
framed or clad in aluminum or vi- 
nyl are usually provided with a con- 
tinuous flange called a nailing fin 
around the perimeter of the window 
unit (Figure 12.19). When the unit 


FIGURE 12.19 


Most windows are attached to the building by means 


is pushed into the rough opening 
from the outside, the flange bears 
against the sheathing along all four 
edges. After the unit has been locat- 
ed and leveled and squared in the 
opening, it is attached to the frame 
by means of nails driven through 
the flanges. The siding or trim later 


of a nailing fin. The fin is nailed to the sheathing to rr 


hold the window in the plane of the wall, and caulking 


caanaeeenees,, 


between the fin and the weather barrier seals against 


moisture and air infiltration. (Photo by Rob Thallon) 


FIGURE 12.20 
The windows at the top of the photo have a wide casing, whereas 
those at the bottom of the photo do not, reflecting the intention of 
the architect to differentiate the two otherwise identical sets of 
windows. (Photo by Rob Thallon) 


conceals the flanges (Figure 12.20). 
The edges around windows and 
doors must be carefully flashed for 
resistance to leakage of water and 
air (Figures 12.21 and 12.22). Caulk- 
ing behind casings or flanges seals 
the window unit to the flashing or 
weather barrier. 
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FIGURE 12.21 

Installing a vinyl-clad wood window in a wall that has been covered with housewrap: 1. With a single strip of self-sticking, flexible, 
waterproof sheet material, a U-shaped flashing is formed along the sill and up onto the side jambs. 2. A bead of sealant is placed 
around the opening. 3. The window unit is pushed into the opening from the outside. Its exterior flange is bedded in the sealant. 
4. One corner of the window unit is anchored with a nail through its flange and into the framing of the wall. With the aid of a level, 
a measuring tape, and thin wooden wedges, the unit is carefully squared as further nails are driven through the flanges. 5, 6. Strips 
of self-sticking waterproof sheet are adhered to the window flanges and housewrap over the side jambs and head for airtightness 
and watertightness. 
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FIGURE 12.22 

The strip of weather barrier around this 
window is first stapled to the framing 
around the rough opening. Next, as the 
window is installed, its flange is bedded 
in a bead of sealant to seal it to the strip. 
When the complete weather barrier is 
applied later, it will be taped to the strip 
around the window, making the barrier 
continuous. Flashing will be added at the 
top of the window to divert rainwater. 
(Photo by Edward Allen) 


EXTERIOR DOORS 


Exterior doors fall into two general 
categories, swinging (hinged) and 
sliding (Figure 12.23). Swinging 
doors are available in a wide range 
of styles and are often combined with 
sidelights or transoms to make an el- 
egant entry (Figure 12.24). Simple 
swinging doors are also used in the 
most mundane of locations such as 
between the garage and the house. 
Sliding doors, however, are almost in- 
variably glazed and are typically used 
as a connection between house and 
garden (Figure 12.25). 


Residential hinged entrance 
doors almost always swing inward and 
are mounted at the interior edge of 
the jamb (Figure 12.26). This arrange- 
ment pulls the door back slightly from 
the weather and exposes the hinges 
only at the interior, making the door 
more secure and avoiding the need 
for nonremovable pin hinges. An 
in-swinging door also allows a storm 
door, swinging outward, to be mount- 
ed on the outside of the same frame 
for improved wintertime thermal per- 
formance. In summer, a screen door 
may be substituted for the storm door. 
A combination door, which has easily 


interchangeable screen and storm 
panels, is more convenient than sepa- 
rate screen and storm doors. 

The hinged French door opens 
fully and can be used to regulate air- 
flow through the room if both leaves 
are fitted with doorstops that can hold 
them securely in any open position. 
With its seven separate edges that 
must be carefully fitted and weath- 
erstripped, the French door is prone 
to air leakage along these edges. The 
recently developed terrace door, with 
only one operating door, minimizes 
this problem but it can open to only 
half its area. 
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Single hinged door Terrace door French door Sliding door 


FIGURE 12.23 

Basic exterior glass door operational 
types as seen from the inside of the 
house. 


FIGURE 12.24 

A six-panel wood entrance door with 
flanking sidelights and a fanlight above. 
A number of elaborate traditional 
entrance designs such as this are 
available from stock for use in light 
frame buildings. (Courtesy of Morgan 
Products, Ltd., Oshkosh, Wisconsin) 
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FIGURE 12.25 
Sliding glass patio doors are common in affordable housing and apartment buildings 


because a single unit provides both a door and a large area of glass. (Photo by Rob 


Thallon) 
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FIGURE 12.26 

Details of an exterior wood door 
installation. The door opens toward the 
inside of the building to protect it from 
the weather, to keep the hinges on the 
inside for security, and to allow for a 
screen door on the outside. 
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FIGURE 12.28 
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Sliding patio doors are more like 
overgrown sliding windows than 
doors in their details and opera- 
tion (Figure 12.27). These doors are 
used extensively in affordable hous- 
ing schemes because they offer both 
a large glazed area and a door in a 
single inexpensive unit. The sliding 
patio door opens to only half of its 
area and is difficult to secure except 
from the inside with a site-made stick 
placed in the track to prevent door 
movement. An exterior-mounted slid- 
ing screen is available. 

Weather resistance is an impor 
tant factor in choosing exterior doors. 
Exterior doors must be well construct- 
ed and tightly weatherstripped if they 
are not to leak air and water (Figure 
12.26). In most climates, doors should 
be protected with porches or eaves 
from the brunt of winter storms, and 
they should be weatherstripped to 
prevent occasional driving rain from 
entering the building. Weatherstrip- 
ping also seals against air infiltration. 
A tight-fitting threshold at the base of 
the door completes the weather seal. 


FIGURE 12.27 

Details of a wood sliding patio door. A 
sliding screen door is typically mounted 
at the exterior of the fixed door panel. 


GLAZED 
1 LIGHT-2 PANELS 


Door Construction 


At one time, nearly all doors were 
made of wood (Figure 12.28). In sim- 
ple buildings, doors made of planks 
and Z-bracing were once common. 
In more finished buildings, stzle-and- 
rail doors gave a more sophisticated 
appearance while avoiding the worst 
problems of moisture expansion and 
contraction to which plank doors are 
subjected. In recent decades, while 
stile-and-rail doors have continued 
to be used in higher-quality build- 
ings, pressed sheet metal doors and 
molded GFRP doors, usually em- 
bossed to resemble wood stile-and- 
rail doors, have become a popular 
alternative. Their cores are filled with 
insulating plastic foam. Their ther- 
mal performance is superior to that 
of wood doors. They do not suffer 
from moisture expansion and con- 
traction as wood doors do. The ma- 
jor disadvantage of metal and plastic 
exterior doors is that they do not 
have the satisfying appearance, feel, 
or sound of a wood door. Flush wood 
doors, constructed with a solid core 
of wood blocks or wood composite 
material, are also common exterior 
doors chiefly because they are easier 
to manufacture and therefore cost 


Top rail 


Stile 


Panel 


Lock rail 


Bottom rail 


STILE-AND-RAIL 
FOUR PANELS 


Types of exterior wood doors. Standard sizes range from 2” to 3 feet (863 to 915 mm) wide by 6% feet (2.0 m) tall. Exterior 


doors are typically 1% inches (44 mm) thick. There are endless variations of the glazed and panel types. 
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less. Fire doors have a noncombustible 
mineral core and are rated according 
to the period of time for which they 
are able to resist fire as defined by 
Underwriters Laboratories Standard 
108. In single- and double-family resi- 
dential work, a 20-minute door be- 
tween garage and living space is usu- 
ally the only fire door required. 


Installing Exterior Doors 


The installation procedure for a 
door is essentially identical to that 
for a window (Figure 12.29). The de- 
signer selects the exterior doors and 
prepares a door schedule, showing 
the dimensions of the rough open- 
ing and other information. Prior 
to installation, the framing around 
the door is protected with a weather 
barrier, and caulk is applied around 


the perimeter of the opening to seal 
against air infiltration. 

Exterior hinged doors are usually 
furnished prehung, meaning that they 
are already mounted on hinges in a 
surrounding frame, complete with 
weatherstripping and casing, ready 
to install by merely nailing the frame 
into the wall. When the unit is pushed 
into the rough opening from the out- 
side, the sill rests on the subfloor and 
the casing bears against the sheath- 
ing along the other three edges. Af 
ter the unit has been plumbed and 
squared in the opening, it is shimmed 
all around and attached to the build- 
ing frame by means of nails driven 
through the casing and/or the jamb. 

Doors are not typically delivered 
with a lockset or deadbolt installed but 
may be predrilled for this hard- 
ware (Figure 12.30). The locksets, 


deadbolts, and other hardware for 
all doors should be specified by the 
designer and included in the door 
schedule. The carpenter who installs 
the doors usually installs these items at 
the site. Screen doors and storm doors 
may be installed at this time or may be 
delayed in deference to the painter. 

Sliding doors, although heavy, are 
even simpler to mount than hinged 
doors because they include fins 
around the perimeter through which 
nails are driven into the sheathing 
and studs to fasten the unit securely 
in place. These doors are generally 
furnished complete with hardware 
and screens. 

Overhead garage doors operate 
differently and are installed differ- 
ently from either hinged or sliding 
exterior doors, so they are typically in- 
stalled by a specialized subcontractor. 


FIGURE 12.29 

The base of an exterior hinged door installation. 
A metal flashing to protect the framing has been 
installed below the extruded aluminum sill. The 
aluminum door sill in this example is covered with 
typical construction debris. (Photo by Rob Thallon) 
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FIGURE 12.30 
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Doors are typically prehung and predrilled for hardware by the distributor. Here, a 


worker is routing the door and its jamb for hinges. Holes for the door handle have 
already been drilled by the machine at the bottom edge of the door. (Photo by Rob Thallon) 


BUILDING GREEN WITH 
WINDOWS AND DOORS 


¢ The major raw materials for 
glass—sand, limestone, and sodium 
carbonate—are finite but abundant 
minerals. The high embodied energy 
of glass, 6750 to 7500 Btu/pound, 
can be reduced by 30 to 65 percent as 


new manufacturing technologies are 
introduced. 


e The impact of windows (and 
glazed doors) on energy consump- 
tion can be very detrimental, very 
beneficial, or anything in between, 
depending on how intelligently they 
are used. If used in excessive quanti- 
ties or oriented poorly with respect 
to the sun, they can contribute to 


summertime overheating from un- 
wanted solar gain, excessive winter- 
time heat losses due to inherently 
low R-values, visual glare, wintertime 
discomfort caused by radiant heat 
loss from the body to cold glass sur- 
faces, and excessive condensation 
of moisture that can destroy nearby 
components of the building. In ap- 
propriate quantities and properly 
oriented, they can bring solar heat 
into a building in winter and exclude 
it in summer, with attendant savings 
in heating and cooling energy. With 
good design, they can also bring day- 
light into a building without glare, 
reducing the use of electricity for 
lighting. These benefits accrue over 
the entire life of the building and the 
payoffs can be huge. 


e The thermal properties of the 
glass in a window or door, the thermal 
conductivity of the frame, and the 
air leakage of the unit, especially the 
last, have very significant effects on 
the amount of energy that will be re- 
quired to heat and cool the building. 


¢ Doors can leak significant quanti- 
ties of heat by conduction through 
the material of the door. Foam- 
core doors have better thermal per- 
formance than other types. The 
performance of any exterior resi- 
dential door in a cold climate can be 
improved substantially by adding a 
storm door during the cold season of 
the year. An airlock vestibule can sig- 
nificantly reduce the amount of out- 
door air that enters a building when 
the exterior door is open. All doors 
should be tightly weatherstripped to 
limit loss of conditioned air. 


e With respect to the frame materi- 
als of windows and doors, the green 
considerations of wood are discussed 
in Chapter 4, PVC (vinyl) window 
frames are thermally efficient, and 
aluminum frames must be thermally 
broken for the sake of energy effi- 
ciency. 

¢ Most windows and doors can be 
recycled during demolition, and a 
significant percentage are being re- 
cycled at the present time. 
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C.S.1./C.S.C. 
MasterFormat Section Numbers for Finishing the Walls 


07 62 00 
07 65 00 
08 10 00 
08 13 00 
08 14 00 
08 15 00 
08 16 00 
08 32 00 
08 35 00 
08 36 00 


08 50 00 


08 51 00 


08 52 00 
08 53 00 
08 54 00 


08 60 00 


08 60 00 
08 62 00 


08 70 00 


08 70 00 
08 75 00 


08 80 00 
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Sheet Metal Flashing 
Flexible Flashing 

Doors and Frames 

Metal Doors 

Wood Doors 

Plastic Doors 

Composite Doors 

Sliding Glass Doors 
Folding Doors and Grilles 
Panel Doors 


WINDOWS 


Metal Windows 
Wood Windows 
Plastic Windows 
Composite Windows 


ROOF WINDOWS AND SKYLIGHTS 


Roof Windows 
Unit Skylights 


Door Hardware 
Window Hardware 


A comprehensive analysis of the window 
from a technical point of view with a nice 
introduction to window history. 


2. The reader should acquire current 
catalogs from a number of manufacturers 


of residential windows. Most lumber re- 
tailers also distribute catalogs of windows 
and doors that can be an invaluable part 
of the designer’s and builder’s reference 


library. 


Key TERMs AND CONCEPTS 


glazed area 

sash 

jamb 

casing 

sill 

mullion 

muntin 

prime window 

storm window 
combination window 
replacement window 
single-hung window 
double-hung window 
sliding window 
projected window 
casement window 
awning window 


REVIEW QUESTIONS 


1. What steps are involved in the installa- 
tion of a window into the rough opening 
of a wall? Remember to include steps that 
control air infiltration. 


2. List the operational types of windows. 
Which types can open to their full area? 


EXERCISES 


1. Draw the head, jamb, and sill sections 
of an existing installed residential win- 
dow. Can you draw the hidden parts of 
the assembly based on the surface profile? 


2. Find a historic double-hung or case- 
ment window and compare the sill sec- 
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tilt/turn window 

skylight 

roof window 

weatherstripping 

insect screen 

wood window 

clad window 

vinyl window 

glass-fiber-reinforced plastic (GFRP) window 
light 

true-divided-light window 

glazing 

single glazing 

double glazing 

low-emissivity (low-e) coating 

triple glazing 

tempered glass 


3. What was the historical reason for the 
true divided light? Why are true divided 
lights employed today? What are the alter- 
natives to the true divided light, and what 
are the advantages of these alternatives? 


4. Draw from memory a section through 
the edge of a double-glazed window light 
and label all of the components. 


tion to the sill of a modern wood window. 
What are the most significant differences? 


3. Visit a lumberyard or building materi- 
als supplier that has a good selection of 
windows and doors. Take notes on the 
differences among the various brands 


laminated glass 
egress window 
rough opening 
frame size 
window schedule 
nailing fin 
sidelight 
transom 

French door 
terrace door 
patio door 
stile-and-rail door 
flush wood door 
fire door 
prehung door 
lockset 

deadbolt 


5. Why do hinged residential doors typi- 
cally swing inward? 

6. Draw a four-panel door and label the 
component parts. 


and summarize your findings in way that 
would help a potential buyer select win- 
dows and/or doors for a new residential 
project. 


e The Weather Barrier 
Membrane 


e Exterior Trim 


e Siding 
Board Sidings 
Metal and Viny] Sidings 
Plywood Sidings 
Shingle Sidings 
Stucco 
Synthetic Stucco 
Masonry Veneer 
Manufactured Stone 


FINISHING THE 
EXTERIOR WALLS 


e Exterior Paints and Coatings 
Coating Materials 
Types of Coating Materials 


Field Application of 
Architectural Coatings 


Deterioration of Paints and Finishes 


e Ladders and Scaffolds 


¢ Building Green at the 
Exterior Walls 
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The exterior walls of a building are similar to the roof in that they form a barrier between the inside 
and the outside. They protect the interior rooms from sun, rain, snow, and wind, and they insulate from 
the heat and cold of the outdoors to help maintain a comfortable indoor temperature. Because they are 
vertical, the walls are not as severely attacked by weather as the roof, but because walls are punctuated 
with numerous door and window openings, they must be carefully designed and constructed if they are 
not to leak. 

Though manufacturers have spent countless resources developing improved windows, doors, 
sidings, and sealants, walls function best and last longest when they are protected from rain and sun by 
roof overhangs. Wall elements that are not protected by overhangs will deteriorate much more quickly 
than those that are so protected. 

Though roof overhangs protect the walls from rain, snow, and sun, all of which come from above, 
walls need protection from below as well. Rain dripping from a roof or falling from the sky can splash 
when it hits the ground, soaking the base of the wall. Snow can accumulate in tall drifts that pile up 
against walls. The splashing problem (called splashback) can be relieved by the addition of gutters and 
downspouts, which are discussed in Chapter 11. Both splashing and snow problems may be addressed 
by protecting the base of the wall with materials that do not deteriorate rapidly when they come into 
contact with moisture (Figure 13.2). 

There is a logical sequence for finishing exterior walls that involves layering materials, one over 
another, to make an envelope that is as weathertight as possible. Starting at the sheathing of the framed 
walls, a membrane weather barrier is added to protect the framing from moisture that might make its 
way through the outer protective layers. Next, the windows and doors are installed, providing edges to 
which the siding will be fitted. The siding and its accompanying trim are finally added, and exterior coats 
of paint or stain finish the job. The membrane weather barrier and windows and doors are customarily 
installed by the framing crew or the general contractor. The siding may be installed by the same people 
or by a specialized siding subcontractor. The painting is almost always done by a painting subcontractor. 


FIGURE 13.1 
Architect Bernard Maybeck understood the principles of protecting walls from the weather. The R. H. 


Mathewson House, built in 1915 in Berkeley, California, has large roof overhangs, and the exposed 
wooden parts of the house are kept well above the ground. (Photo by Rob Thallon) 


THE WEATHER BARRIER 
MEMBRANE 


Once the frame of the house has 
been completed, a weather barrier 
membrane is applied to the wall 
sheathing. This membrane has two 
primary functions: It serves as an air 
barrier, reducing the leakage of air 
between indoors and outdoors. It 
also protects the structural shell of 
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the building from water during con- 
struction and, in the long term, acts 
as a backup waterproofing layer be- 
neath the siding. Tests have shown 
that even the most professionally 
applied siding cannot completely 
eliminate the penetration of rain- 
water or snowmelt that is driven by 
wind or pulled through by capillary 
action or gravity. The weather barrier 
intercepts this moisture before it 


FIGURE 13.2 

This house, built in 2000, employs roof 
overhangs over each window and door 
and has water-resistant cement board 
siding at the base. Carefully planned 
roof overhangs can control sunlight as 
well as protect from the weather. (Photo 
by Rob Thallon) 


reaches the sheathing, while allow- 
ing water vapor to pass freely so that 
it does not accumulate in the wall. 
Prior to the 1980s, the weather 
barrier membrane usually consist- 
ed of 15-pound asphalt-saturated felt 
(commonly known as “tarpaper”). 
This material comes in 3-foot-wide 
(610-mm) rolls and is stapled to 
the sheathing in successive overlap- 
ping courses, starting at the base of 
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FIGURE 13.3 

Housewrap completely covers the walls 
of this new house in preparation for the 
application of siding. Lightweight wraps 
such as this have almost entirely replaced 
felt building paper for use as a weather 
barrier. (Photo by Rob Thallon) 
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FIGURE 13.4 

This house has been framed and is 

ready for the windows and doors to be 
installed and its exterior finishes applied. 
Compare this photo to Figure 13.5, a 
house in the same development that has 
been finished on the exterior. (Photo by 
Rob Thallon) 


the wall. Felt is still used by many 
builders and provides an excellent 
barrier (Figure 13.17). However, a 
universal concern with heating fuel 
efficiency has led to the development 
of airtight, vapor-permeable house- 
wraps. These are manufactured strips 
up to 12 feet wide that can wrap an 
entire story of a house in one con- 
tinuous band of material, thus mini- 
mizing air leakage through seams 
(Figure 13.3). To reduce air leak- 
age most effectively, seams should 
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be minimized. Seams that cannot be 
avoided must be cemented together 
or sealed with tape, and the edges 
around windows and doors should 
be carefully sealed. (Other types of 
weather barrier membranes are dis- 
cussed in Chapter 17.) 

Whichever membrane is used, it 
should lap over the flashings at the tops 
of windows and doors. It should also lap 
over itself at horizontal seams so that 
water running down its face will always 
be directed away from the building. 


FIGURE 13.5 

The finish of the exterior of a house 
employs numerous subcontractors. This 
typical California house required the 
skills of carpenters to install windows, 
doors, trim, and siding and to construct 
columns and railings. In addition, 
masons, electricians, and painters were 
required. (Photo by Rob Thallon) 


EXTERIOR TRIM 


Once the windows and doors have 
been installed, there is often exte- 
rior trim to be installed before the 
siding is applied. Window and door 
surrounds, corner boards, handrails, 
and porch and eave trim are common 
examples of exterior trim in residen- 
tial construction (Figure 13.6). This 
trim can be functional, and it can 
add proportion and interest to the 
facade. Often, it is shaped to imitate 
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traditional trim. It is generally ap- 
plied by the same carpenters who 
install the windows and doors. Flash- 
ings must be integrated with the trim 
at the heads of windows and doors. 
Trim installation must be coordinat- 
ed with the painter because the trim 
is often painted a different color than 
the surrounding siding. 

The materials of choice for exte- 
rior trim have traditionally been clear 
vertical-grain western red cedar or 
redwood. These woods resist decay, 
remain stable, work easily, and hold 
paint well. However, these materials 
have become costly, so lower grades 
of these woods and other species as 
well as composite materials are of- 
ten used instead. Composite woods 
include laminated veneer lumber 
(LVL), hardboard, fiber-cement, and 
finger-jointed trims. 


SIDING 


The exterior cladding material ap- 
plied to the walls of a residence is 
referred to as siding. Many differ- 
ent types of materials can be used 
as siding: wood boards with various 
profiles, applied either horizontally 
or vertically; imitation board sidings 
made of metal, vinyl, or concrete; ply- 
wood siding; wood shingles; stucco; 
imitation stucco; and brick or stone 
masonry (Figures 13.7 to 13.29). 

The primary purpose of siding 
is to protect the walls from weather 
while presenting an attractive appear- 
ance. Siding materials must be able to 
endure moisture in the form of water 
vapor, rain, and melted snow; ther 
mal expansion and contraction due 
to extreme heat and cold; freezing 
temperatures that can cause crack- 
ing and splitting in the presence of 
moisture; and ultraviolet degrada- 
tion from direct sunlight. Some sid- 
ing materials are coated with paint or 
stain to prolong their durability. The 
effectiveness of siding materials is en- 
hanced by the weather barrier just 
under them, which provides a second 
line of defense against the weather. 


FIGURE 13.6 

Trim is used effectively on this house to emphasize parts of the composition. The 
eye is drawn to the central bay, which is made entirely of windows and painted trim. 
The attic windows and rafters above are painted to complement the bay. Notice that 
the central windows have less glass area because they contain an operable sash for 
ventilation. (Photo by Rob Thallon) 
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FIGURE 13.7 
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V SHIPLAP 


COVE SHIPLAP 


V-GROOVE BOARD AND 
TONGUE AND BATTEN 
GROOVE 


Six types of board siding from among many. The four bevel and shiplap sidings are designed to be applied in a horizontal orienta- 
tion. Tongue-and-groove siding may be used either vertically or horizontally. Board-and-batten siding may only be applied vertically. 
The nailing pattern (shown with broken lines) for each type of siding is designed to allow for expansion and contraction of the 


boards. Nail penetration into the sheathing and framing should be a minimum of 1! inches (38 mm) for a satisfactory attachment, 
which means that nails should align with studs. 


Virtually all of the sidings used 
today in North American residen- 
tial construction are made from 
one of the six different materials 
discussed next. 


Board Sidings 


Horizontally applied board sidings, 
made either of solid wood or of wood 
composition board, are nailed in such 
a way that the nails pass through the 
sheathing and into the studs, giv- 
ing a very secure attachment. This 


procedure also allows horizontal sid- 
ings to be applied directly over insu- 
lating sheathing materials without 
requiring a nail-base sheathing. (A 
nail-base sheathing is a material such 
as plywood or waferboard that is dense 
enough to hold nails.) Siding nails, 
whose heads are intermediate in size 
between those of common nails and 
those of finish nails, are used to give 
the best compromise between hold- 
ing power and appearance when at- 
taching horizontal siding. Siding nails 
should be hot-dipped galvanized or 


made of aluminum or stainless steel 
to prevent corrosion staining. Nail- 
ing is done in such a way that the in- 
dividual pieces of siding may expand 
and contract freely without damage 
(Figure 13.7). The ends of horizon- 
tal siding boards are butted tightly to 
corner boards and window and door 
trim, usually with a sealant material 
applied to the joint during assembly. 
More’ economical horizontal 
siding boards made of various types 
of wood composition materials are 
readily available. Caution should be 
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FIGURE 13.9 

Rainscreen siding application. Any water 
that penetrates through joints or holes in 
the siding drains away before it reaches 
the sheathing. 


FIGURE 13.8 

Workers installing cement board siding. The worker on the ground 
cuts the siding to size with a power saw, while the two on the scaffold 
nail it to the wall with pneumatic nailers. The designer has specified 
alternating board widths to create visual interest. (Photo by Rob Thallon) 


Sheathing 


1x3 (19x 63mm) 
vertical spacers 


3/4" (19 mm) airspace 


Siding nailed to 
spacers 


A folded strip of insect 
screening keeps insects 
out of the airspace and 

permits drainage 


exercised in selecting these materials, 
however, as some builders have expe- 
rienced problems in service with ex- 
cessive water absorption, decomposi- 
tion, or fungus growth. Composition 
sidings, made from wood fiber, sand, 
and portland cement, appear to be 
the most reliable and are increasing 
their share of the siding market (Fig- 
ure 13.8). They are nonflammable, 
impervious to rot, and unattractive to 
insects. In addition, they hold paint 
better and are more dimensionally 
stable than wood or composite wood 
products. However, because of their 
weight and hardness, they are more 
difficult to handle and to cut than 
wood siding products. 

In North America, horizontal 
siding boards are customarily nailed 
tightly against the sheathing. In 
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Europe, and increasingly on this side 
of the Atlantic, siding is nailed to ver- 
tical wood spacers that are aligned 
over the studs (Figure 13.9). This 
rainscreen detailing creates a pres- 
sure equalization chamber behind 
the siding that acts to prevent water 
penetration in a wind-driven rain. It 
also provides a free drainage path 
for any water that leaks through the 
siding, and it permits rapid drying of 
the siding if it should become soaked 
with water, advantages that usually 
justify the additional expense of this 
procedure. Special attention must be 
given to corner boards and window 
and door casings to account for the 
additional thickness of the wall. 
Vertically applied sidings (Figure 
13.10) are nailed at the top and bot- 
tom plates of the frame and at one or 


FIGURE 13.10 

Board-and-batten siding similar to that 
historically used for barns. The modern 
version generally uses narrower boards 
and is applied over sheathing and a 
weather barrier. (Photo by Rob Thallon) 


more intermediate horizontal lines 
of wood blocking installed between 
the studs. Rainscreen detailing of 
vertical sidings is inherently difficult 
because the horizontal spacers do 
not allow free drainage of water from 
the cavity. 

Heartwood redwood, cypress, 
and cedar sidings, which are decay 
resistant, may be left unfinished if 
desired, to weather to various shades 
of gray. The bare wood will erode 
gradually over a period of decades 
and will eventually wear thin and 
have to be replaced. Other woods 
must be either stained or painted 
to prevent weathering and decay. If 
these coatings are renewed faithfully 
at frequent intervals (usually every 
3 to 6 years), the siding beneath will 
last indefinitely. 
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Metal and Vinyl Sidings 


Sidings formed of prefinished sheet 
aluminum or molded of vinyl plastic 
are usually designed to imitate wood 
sidings. Their primary advantage is 
that they will not decay and are gen- 
erally guaranteed against needing 
repainting for long periods, typically 


FIGURE 13.11 

Aluminum and vinyl sidings are both in- 
tended to imitate horizontal lap siding in 
wood. Their chief advantage in either case 
is low maintenance. Nails are completely 
concealed in both systems. The enlarge- 
ment of a horizontal joint at the right 
shows how the panels hook together. 


FIGURE 13.13 
Vinyl siding details: (a) Plan view at a corner showing a slot with room for thermal expansion and contraction of the siding. 
(b) Elevation view of the siding showing nailing slots that also allow movement. (Courtesy of Certainteed Corporation) 


20 years (Figures 13.11 and 13.12). 
Such sidings do have their own prob- 
lems, however, including the poor 
resistance of aluminum sidings to 
denting and the tendency of vinyl sid- 
ings to shatter on impact, especially 
in cold weather. Vinyl also expands 
and contracts much more than other 
siding materials (Figure 12.10), so 


FIGURE 13.12 


Installing aluminum siding over insulating foam sheathing. Special aluminum pieces 
are provided for corner boards and window casings; each has a shallow edge channel 


to accept the cut ends of the siding. Each horizontal “board” clips to the siding piece 


below and is nailed at the top edge in a slot that allows for expansion and contraction. 


(Courtesy of Dow Chemical Company) 


(0) 


installation details that allow for this 
movement must be incorporated 
into its application (Figure 13.13). 
Although vinyl and aluminum sid- 
ings bear a superficial similarity to 
the wood sidings that they mimic, 
their details around openings and 
corners in the wall are sufficient- 
ly different that they are usually 


FIGURE 13.14 
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inappropriate for use in historic res- 
toration projects. 


Plywood Sidings 


Plywood siding materials have become 
popular for their economy (Figure 
13.14). The cost of the material per 
unit area of wall is usually somewhat 
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Plywood siding is often disguised with vertical battens that cover the joints between 
panels and break up the 4 feet of surface between. (Photo by Rob Thallon) 


| 


less than that for other siding mate- 
rials, and labor costs tend to be rela- 
tively low because the large sheets of 
plywood are more quickly installed 
than equivalent areas of boards. In 
many cases, the plywood siding can 
also function as structural sheath- 
ing, leading to further cost savings. 
All plywood sidings must be painted 
or stained, even those made of decay- 
resistant heartwoods, because their 
veneers are too thin to withstand 
weather erosion for more than a few 
years. The most popular plywood sid- 
ings are those that are grooved to imi- 
tate board sidings. The grooves also 
serve to conceal the vertical joints 
between sheets. 

The largest problem in using ply- 
wood sidings for two- or three-story 
houses is how to detail the horizontal 
end joints between sheets. A Z-flashing 
of aluminum (Figure 13.16) is the 
most common solution and is clearly 
visible. The designer should include 
in the construction drawings a sheet 
layout for the plywood siding that 
organizes the horizontal joints in an 
acceptable manner. This will help 
avoid a random, unattractive pattern 
of joints on the face of the building. 


FIGURE 13.15 

The wall at the left side of the photo has 
weather barrier applied and windows 
installed. The windows have been flashed 
with a flexible, self-sticking, imperme- 
able membrane. The wall on the right 
has a single layer of finish plywood 
sheathing applied. Note the Z-flashing 
(Figure 13.16) near the top of the 
sheathed wall. The plywood will ulti- 
mately have horizontal trim and vertical 
battens applied to improve its appear- 
ance and cover the seams between the 
plywood panels (Figure 13.27). 

(Photo by Rob Thallon) 
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Shingle Sidings 


Wood shingles and shakes (Figures 
13.17 to 13.22) require a nail-base 
sheathing material such as oriented 
strand board (OSB), plywood, or wa- 
ferboard. Either corrosion-resistant 
box nails or air-driven staples may be 
used for attachment. Most shingles 
are of cedar or redwood heartwood 
and need not be coated with paint or 


Plywood siding 
panel 


2x4 
(38 x 89 mm) 
nailer block 


Aluminum 
Z-flashing 


Plywood siding 
panel 


FIGURE 13.16 


A detail of a simple Z-flashing, the device 
most commonly used to prevent water 
penetration at horizontal joints in 
plywood siding. 


stain unless such a coating is desired 
for cosmetic reasons. Figures 13.19 
and 13.20 show two different ways of 
turning corners with wood shingles. 
The application of wood shingle 
siding is labor intensive, especially 
around corners and openings, where 
many shingles must be cut and fit 
ted. Several manufacturers produce 
shingle siding in panel form by sta- 
pling and/or gluing shingles to wood 


FIGURE 13.17 

Applying wood shingle siding over 
asphalt-saturated felt building paper. 
The corners are woven as illustrated in 
Figure 13.19. (Photo by Edward Allen) 


backing panels. A typical panel size is 
approximately 2 feet high and 8 feet 
long (600 by 2450 mm). Several dif- 
ferent shingle application patterns 
are available in this form, along with 
prefabricated woven corner panels. 
The application of panelized shingles 
is much more rapid than that of in- 
dividual shingles, which results in 
sharply lower labor costs and, in most 
cases, a lower overall cost. 


FIGURE 13.18 

A detail of wood shingle siding at the 
sill of a platform frame house. The first 
course of shingles projects below the 
sheathing to form a drip and is doubled 
so that all the open vertical joints be- 
tween the shingles of the outside layer 
are backed up by the undercourse of 
shingles. Succeeding courses are single, 
but are laid so that each course covers 
the open vertical joints in the course 
below. 
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FIGURE 13.19 

Wood shingles can be woven at the corners to avoid 
corner boards. Each corner shingle must be carefully 
trimmed to the proper line with a block plane, which is 
time consuming and relatively expensive, but the result 
is a more continuous, sculptural quality in the siding. 


FIGURE 13.20 

Corner boards save time when shingling walls and 
become a strong visual feature of the building. Notice 
in this and the preceding diagram how the joints and 
nail heads in each course of shingles are covered by 
the course above. 


FIGURE 13.21 
Both the roof and the walls of this New England house by architect James Volney Righter are covered with wood shingles. 
Wall corners are woven. (Photo © Nick Wheeler/Wheeler Photographics) 
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FIGURE 13.22 
Fancy cut wood shingles were often a featured aspect of shingle siding in the late 19th century. Notice the fish-scale shingles in the 


gable end, the serrated shingles at the lower edges of the walls, and the sloping double-shingle course along the rakes. Corners are 


woven. (Photo by Edward Allen) 


Stucco 


Stucco, a portland cement plaster, is 
a strong, durable, economical, fire- 
resistant material for siding light 
frame buildings (Figure 13.23). Stuc- 
co is applied over galvanized metal 
lath, using galvanized steel or plas- 
tic accessories to prevent rusting in 
damp locations. One disadvantage 
of portland cement stucco is that it 
shrinks and is therefore prone to 
cracking. To compensate, stucco 
walls should be provided with control 
joints at frequent intervals to channel 
the shrinkage into predetermined 
lines rather than allowing it to cause 
random cracks. The curing reaction 
in stucco is the same as that of con- 
crete. Stucco must be kept moist for 


at least a week before it is allowed to 
dry in order to attain maximum hard- 
ness and strength through full hydra- 
tion of its portland cement binder. 
Stucco can be applied either over 
sheathing or without sheathing. Over 
sheathing, asphalt-saturated felt pa- 
per is first applied as an air and mois- 
ture barrier. Then sel/-furring metal 
lath is attached with nails or screws. 
Self-furring metal lath is formed with 
“dimples” that hold the lath away 
from the surface of the wall a fraction 
of an inch to allow the stucco to key 
to the lath. If no sheathing is used, 
the wall is laced tightly with strands 
of line wire a few inches apart, and 
paperbacked metal lath is attached to 
the line wire, after which stucco is ap- 
plied to encase the building in a thin 


layer of reinforced concrete. Stucco is 
usually applied in three coats, either 
with a hawk and trowel or by spray- 
ing (Figure 13.23). Pigments or dyes 
are often added to stucco to give an 
integral color, and rough textures are 
frequently used. 


Synthetic Stucco 


In recent years, the exterior insulation 
and finish system (EIFS), or synthetic 
stucco, has rapidly grown in popu- 
larity (Figure 13.24). The system 
combines insulation with a weather 
barrier and provides a simple way to 
add texture and relief to the walls of 
a building. EIFS consists of rigid in- 
sulation panels adhered directly to 
the sheathing and then coated with 
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FIGURE 13.23 

Applying exterior stucco over wire 
netting. The workers to the right hold 
a hose that sprays the stucco mixture 
onto the wall, while the man at the left 
levels the surface of the stucco with 

a straightedge. The small rectangular 
opening at the base of the wall is a 
crawlspace vent. (Courtesy of Keystone 
Steel and Wire Company) 


FIGURE 13.24 

EIFS at the corner of a residence with base coat applied. 
Dimples appear on the surface where mechanical fasteners 
hold the rigid insulation to the sheathing. A horizontal strip of 
insulation has been added to create a shadow line on the build- 
ing. A final coat of synthetic stucco will hide the imperfections 
now apparent in the surface. (Photo by Rob Thallon) 
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a two-layer acrylic compound whose 
finished surface resembles stucco. 
The acrylic coating is both more wa- 
ter resistant and more flexible than 
traditional stucco. 

Early versions of the system re- 
lied on the acrylic coating to act asa 
complete barrier to the penetration 
of moisture. Called barrier EIFS, this 
system experienced a considerable 
failure rate from moisture that found 
its way behind the barrier at imper- 
fections in the seals at windows and 
other locations. This moisture was 
trapped beneath the barrier with 
no way to escape and often caused 
sheathing, framing, and trim to rot. 
As a consequence of these failures, 
a second generation of synthetic 
stucco, called water-managed EIFS, 
has been developed. Water-managed 
EIFS assumes that some leaks will 
occur; accordingly, it incorporates a 
weather barrier and drainage chan- 
nels at the inside of the rigid insu- 
lation (Figure 13.25). Both barrier 
EIFS and water-managed EIFS sys- 
tems are now in use, with each being 
favored in particular climatic regions. 


Masonry Veneer 


Light frame buildings can be faced 
with a single wythe of brick or stone 
in the manner shown in Figure 13.26. 
The corrugated metal ties support 
the masonry against falling away 
from the building, but allow for differ- 
ential movement between the masonry 
and the frame. Masonry materials and 
detailing are covered in Chapter 5. 


Manufactured Stone 


A less expensive alternative to ma- 
sonry veneer is manufactured stone. 
Because the manufactured imitation 
is much lighter and thinner than the 
genuine material, it can be applied 
directly to the sheathing—much like 
a tile is applied to an interior wall 
(Figure 13.28). The thinness of the 
manufactured stone makes transi- 
tions to other siding materials easier 
than with masonry veneer because 


FIGURE 13.25 
A detail of water- 


Two -part synthetic 
stucco coating 


managed EIFS at the 


sill of a house. The 
weather barrier against 


Rigid insulation 
board 


the sheathing prevents 


moisture from entering 


Drainage channel 


the framing. An open 


drainage layer at the 


Weather barrier 


inner face of the rigid 


Flashing 


insulation allows gravity 
to carry the moisture 


Sheathing 


to the base of the 
wall where it escapes 


through holes in the 
starter track. 


Starter track 
with weep holes 


the manufactured stone and the 
siding are often nearly at the same 
plane, whereas there is usually a con- 
siderable offset between masonry 
veneer and other sidings. Manufac- 
tured stone as a material is discussed 
in Chapter 5. 


EXTERIOR PAINTS 
AND COATINGS 


Once the carpenters and siding sub- 
contractors have finished installing 
all of the exterior features of the 
building, it is time to paint. Paints and 
other architectural coatings (such as 
stains, varnishes, lacquers, and seal- 
ers) protect and beautify these surfac- 
es. The painting subcontractor may 
be called on to coat siding, windows 
and doors and their trim, eaves and 
rakes and various roof trims, gutters 
and downspouts, and other exterior 
construction such as porches and rail- 
ings. The painter must work with the 
contractor to coordinate the paint- 
ing of all these items so that the work 


Single wythe of 
brick or stone ——="' 


Corrugated metal 
ties nailed to 
frame 


Asphalt-saturated 


FIGURE 13.26 

A detail of masonry veneer facing for a 
platform frame building. The weep holes 
drain any moisture that might collect in 
the cavity between the masonry and the 
sheathing. The cavity should be at least 

1 inch (25 mm) wide. A 2-inch (50-mm) 
cavity is better because it is easier to 
keep free of mortar droppings that can 
clog the weep holes. 
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and metal lath 


Scratch coat and 
mortar setting 


Manufactured stone 
and grout 


| 
| |e 
| | a 
|| 7 
Gl 4 
alh 
af 4 
a s 4 
4¢4 4 


FIGURE 13.28 

A detail of manufactured stone facing 
for a platform frame building. The thin 
lightweight ersatz stone panels are ad- 
hered to a setting bed that is very similar 
to a stucco wall. The facing is normally 
applied first to the top of the wall, and 
work then proceeds downward so that 
the work already in place does not have 
to be protected from falling mortar. 
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FIGURE 13.27 

Manufactured stone is being employed 
with increasing frequency to add visual 
substance and weight to the walls of resi- 
dential buildings. Note that the plywood 
siding has been finished on the middle 
unit, but the unit in the foreground has 
yet to receive its vertical battens and 
trim. (Photo by Rob Thallon) 


FIGURE 13.29 

This wood-framed house illustrates the 
use of four siding materials. To the left, 
the chimney is clad in stucco. Note the 
horizontal expansion joints spaced at 
roughly 8 feet (2400 mm). The second 
story is clad in asphalt shingles. The area 
around the entry door is covered with 
fiber-cement panels. The panels were 
field-painted and fastened with stainless 
steel washer head screws that remain 
visible and make a distinctive pattern. 
To the right of the fiber-cement panels is 
a concrete wall with no applied cladding. 
(Architect: Studio Ectypos, www. studioectypos. 
com. Photo by Joseph Iano) 
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FIGURE 13.30 

Painters finishing the 
exterior of a house. The 
efficiency of exterior paint- 
ing depends more on the 
weather than on any other 
factor. The painter at the far 
left is standing on the top of 
a stepladder, which is a very 
unsafe practice. (Courtesy of 
Energy Studies in Buildings 
Laboratory, Center for Housing 
Innovation, Department of Ar- 
chitecture, University of Oregon) 


progresses efficiently. Although the 
painting work may be interspersed 
with the other aspects of finishing the 
exterior walls, the painter is generally 
the last contractor to finish. When 
the exterior painting is done, the ex- 
terior shell of the house is complete 
(Figure 13.30). 


Coating Materials 


Most architectural coating materi- 
als are formulated to include four 
basic types of ingredients: vehicles, 
solvents, pigments, and additives. 
The vehicle provides adhesion to the 
substrate and forms a film over it. Sol- 
vents are volatile liquids used to im- 
prove the working properties of the 
paint or coating. The most common 
solvents used in coating materials are 
water and hydrocarbons, which are 
commonly called “paint thinners” or 
“mineral spirits.” Pigments are finely 
divided solids that add color, opac- 
ity, hardness, abrasion resistance, 
weatherability, and gloss control to 
the coating material. Additives modify 
the coating material by affecting such 
properties as drying time, ease of ap- 
plication, and resistance to fading. 


Coating materials fall into two 
major groups, water based and sol- 
vent based. Water-based coatings use 
water as a solvent, and cleanup is 
done with soap and water. Water- 
based coatings are commonly re- 
ferred to as “latex paints.” Solvent- 
based coatings use solvents other than 
water such as hydrocarbons, turpen- 
tine, alcohols, and esters. In everyday 
use, solvent-based paints are often 
referred to as “oil paints” or “alkyd 
paints.” Solvent-based and_ water- 
based coatings each have many uses 
for which they are preferred; how- 
ever, there are also some applications 
for which they can be used more or 
less interchangeably. 

As a component of their air pol- 
lution control programs, many states 
now place stringent controls on the 
amount of volatile organic compounds 
(VOCs) that coatings may release into 
the atmosphere. As a consequence 
of this, and the fact that many paint- 
ers sensitive to health issues prefer to 
work with latex paints, coating manu- 
facturers have undertaken the devel- 
opment and promotion of new types 
of water-based coatings, including 
water-based clear coatings, and the 


production of solvent-based coatings 
has declined significantly. 


Types of Coating Materials 


The various types of architectural 
coatings can be defined by the rela 
tive proportions of vehicle, solvent, 
pigment, and additives in each. 

Paints contain relatively high 
amounts of pigments. The high- 
est pigment content is in flat paints, 
those that dry to a completely matte 
surface texture. Flat paints contain 
a relatively low proportion of film- 
forming vehicle. Paints that produce 
glossier surfaces are referred to as 
enamels. High-gloss enamel paint con- 
tains a very high proportion of vehi- 
cle and a relatively low proportion of 
pigment. The vehicle cures to form a 
hard, shiny film in which the pigment 
is fully submerged. Semigloss enamel 
paint has a somewhat lower propor- 
tion of vehicle, though still more 
than a flat paint. 

Stains range from transparent to 
semitransparent to solid. Transparent 
stains are intended only to change 
the color of the substrate, usually 
wood and sometimes concrete. They 


contain little or no vehicle or pig- 
ment, a very high proportion of sol- 
vent, and a dye additive. Excess stain 
is wiped off with a rag a few minutes 
after application, leaving only the 
stain that has penetrated the sub- 
strate. Usually, a surface stained with 
a transparent stain is subsequently 
coated with a clear finish such as var- 
nish to bring out the color and figure 
of the wood and produce a durable, 
easily cleaned surface. 

Semitransparent stains have 
more pigment and vehicle than 
transparent ones and are not wiped 
after application. They are intended 
for exterior application in two coats 
and do not require a clear top coat. 
Also self-sufficient are the solid stains, 
which are intended for exterior use 
and are usually water based. These 
contain much more pigment and 
vehicle than the other two types of 
stains and resemble a dilute paint 
more than they do a true stain. 

The clear coatings are high in ve- 
hicle and solvent content and contain 
little or no pigment. Their purpose 
is to protect the substrate, make it 
easier to keep clean, and bring out 
its inherent beauty, whether it be 
wood, metal, stone, or brick. Lacquers 
are clear coatings that dry extremely 
rapidly by solvent evaporation. They 
are employed chiefly in factories and 
shops for rapid finishing of cabinets 
and millwork. A slower-drying clear 
coating useful for on-site finishing is 
known as a varnish. Varnishes and lac- 
quers are available in gloss, semigloss, 
and flat formulations. 


Field Application of 
Architectural Coatings 


No aspect of painting and finishing 
work is more important than surface 
preparation. Unless the substrate is 
clean, dry, smooth, and sound, no 
paint or clear coating will perform 
satisfactorily. Normal preparation of 
new wood surfaces involves patch- 
ing and filling holes and cracks and 
sanding until the surface is smooth. 
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Preparing metals may involve solvent 
cleaning to remove oil and grease 
and, on some metals, chemical etch- 
ing of the bare metal to improve the 
paint bond. New masonry, concrete, 
and plaster surfaces generally require 
some aging before coating to ensure 
that the chemical curing reactions 
within the materials themselves have 
been completed. 

There are a number of materi- 
als designed specifically to prepare a 
surface to receive paints or clear coat- 
ings. Paste fillers are used to fill the 
small pores in open-grained woods 
such as pine, fir, and cedar prior to 
finishing. Various patching and caulk- 
ing compounds serve to fill nail holes 
and other larger holes in the sub- 
strate. A primeris a pigmented coating 
especially formulated to make a sur- 
face more paintable. A wood primer, 
for example, improves the adhesion 
of paint to wood. It also hardens the 
surface fibers of the wood so that it 
can be sanded smooth after prim- 
ing. Other primers are designed to 
be used as first coats for various met- 
als or masonry materials. A sealer is 
a thin, unpigmented liquid that can 
be thought of as a primer for a clear 
coating. It seals the pores in the sub- 
strate so that the clear coating will not 
be absorbed. 

Most finish coatings adhere bet- 
ter if the substrate is primed first. 
Specialized primers are produced for 
both interior and exterior surfaces of 
wood, various metals, plaster, gypsum 
board, and a range of masonry and 
concrete surfaces. Wood trim, cas- 
ings, and siding in high-quality work 
are back primed by applying primer 
to their back surfaces before they are 
installed; this helps equalize the rate 
of moisture change on both sides of 
the wood during periods of changing 
humidity, which reduces cupping and 
other distortions. 

Coatings should be applied only 
to dry surfaces, or they may not ad- 
here. To prevent premature drying, 
freshly painted surfaces should not 
be exposed to direct sunlight, air tem- 
peratures during application should 


be between 50 and 90°F (10 to 32°C), 
and wind speeds should not exceed 
15 miles per hour (7 m/s). The paint 
materials themselves should be at 
normal room temperature. 

A single coat of paint or var- 
nish is usually insufficient to cover 
the substrate and build the required 
thickness of film over it. A typical 
requirement for a satisfactory paint 
coating is one coat of primer plus two 
coats of finish material. Two coats of 
varnish are generally required over 
raw wood, sanding the surface lightly 
to produce a smooth surface after the 
first coat has dried. 

Paint and other coatings may be 
applied by brush, roller, pad, or spray. 
Brushing is the slowest and most ex- 
pensive but is best for detailed work 
and for applying many types of 
stains and varnishes. Spraying is the 
fastest and least expensive but also 
the most difficult to control. Roller 
application is both economical and 
effective for large expanses of flat sur- 
face. Many painters prefer to apply 
transparent stains to smooth surfaces 
by rubbing with a rag that has been 
saturated with stain. 

If the painting is carefully coor- 
dinated with the installation of win- 
dows, doors, siding, and trim, the 
painter’s work will be much easier 
(Figure 13.31). Soffit and eave trim, 
for example, can be prepainted on 
the ground before it is applied, saving 
the time and effort of erecting scaf- 
folding and the difficulty of painting 
overhead. Window and door trim can 
be painted in place before the siding 
is installed, avoiding the necessity of 
masking the siding. 


Deterioration of Paints 
and Finishes 


Coatings are the parts of a building 
that are exposed to the most wear 
and weathering. Over time, they 
deteriorate and require recoating. 
The ultraviolet component of sun- 
light is particularly damaging, causing 
fading of paint colors and chemical 
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FIGURE 13.31 
To avoid the complication of masking, all of the roof overhangs of this house have 


been spray painted before the roofing, siding, or windows are applied. (Photo by Rob 


Thallon) 


decomposition of the paint film. 
Clear coatings are especially suscep- 
tible to ultraviolet damage, often 
lasting no more than a year before 
discoloring and peeling, which is why 
they are generally avoided in exterior 
locations. Some clear coatings are 
manufactured with special ultravio- 
let-blocking ingredients so that they 
may be used on exterior surfaces. 

The other major force of destruc- 
tion for paints and other coatings is 
water. Most peeling of paint is caused 
by water getting behind the paint film 
and lifting it off. The most common 
sources of this water in wood sidings 
are lumber that is damp at the time it 
is coated, rainwater leakage at joints, 
and water vapor migrating from 
damp interior spaces to the outdoors 
during the winter. Good construction 
practices and airtight vapor retarders 
can eliminate these problems. 

Other major forces that cause de- 
terioration of architectural coatings 
are oxygen, air pollutants, fungi, dirt, 
degradation of the substrate through 


rust or decay, and mechanical wear. 
Most exterior paints are designed to 
“chalk” slowly in response to these 
forces, allowing the rain to wash the 
surface clean at frequent intervals. 


LADDERS AND 
SCAFFOLDS 


Installing windows and applying trim, 
siding, and coatings to the exterior of 
a building always requires workers to 
find ways to work above the ground. 
The need to work two or three stories 
up is not uncommon. When deciding 
how best to reach the upper limits 
of walls, contractors must weigh the 
factors of safety, cost, flexibility, and 
practicality. Safety should always be 
paramount because construction in- 
juries and fatalities from falling far 
outnumber those from any other type 
of accident. 

For single-story residences on lev- 
el ground, a ladder is often the most 


practical means to reach high on the 
walls (Figure 13.30). Stepladders are 
useful for lower areas, but have height 
limitations and require that four legs 
be supported at the same elevation. 
Extension ladders can reach consid- 
erably higher and need only two legs 
supported because they lean against 
the building. Because of their porta- 
bility and versatility, extension ladders 
are the most common means of work- 
ing above the ground, but they have 
limitations. Their length is limited by 
weight and maneuverability, they can 
hold only one worker at a time, and 
they must be moved frequently to cov- 
er the upper reaches of a wall. 

Scaffolding, which is a temporary 
raised platform, overcomes most of 
the limitations of the extension lad- 
der. It can support several workers at 
a time, workers can move laterally to 
access large areas of a wall, and erec- 
tion is infrequent or a one-time event. 
In comparison to ladders, scaffolding 
is also relatively safe. The erection of 
scaffolding is always more expensive 
than the use of an extension ladder, 
but the expense can often be justi- 
fied by the overall reduction of labor 
costs. 

There are several types of scaf- 
folding. Ladder jacks clamp to a pair 
of extension ladders and support a 
plank between them (Figure 13.32). 
This type of scaffold is relatively sim- 
ple to set up, but it must be moved to 
reach each section of wall. 

Pump jack scaffolding employs 
a foot-powered crank mechanism 
to move the scaffold vertically (Fig- 
ure 13.33). Because this type of scaf- 
fold can be adjusted to any level, 
workers are always able to work at a 
comfortable height. 

Pipe scaffolding is usually set up 
only once, with planks fixed at eleva- 
tions to make access to all parts of the 
walls practical (Figure 13.34). Cross- 
bracing stabilizes the scaffolding, and 
guardrails provide a measure of safe- 
ty. Depending on the job to be done, 
pipe scaffolding can be set up at one 
part of a house and then relocated to 
another. 
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FIGURE 13.32 FIGURE 13.33 

Jacks that mount on two ladders to support a plank between them This climbing scaffold consists of a metal plank supported 
are easily set up and adjusted. They are awkward to climb onto, between two 4 X 4 posts. Workers operate mechanical foot 
however. This plank should have a guardrail for safety because it is cranks to move the mechanism up and down the posts. 
more than 10 feet (3 m) above the ground. (Photo by Rob Thallon) Safer models have aluminum posts. (Photo by Rob Thallon) 


FIGURE 13.34 

The stationary braced pipe scaf- 
fold with wooden planks is one 
of the most expensive but also 
among the safest scaffolding 
methods. Planks are typically set 
approximately 7 feet above one 
another to allow workers to reach 
all areas of the wall while also 
allowing headroom. (Photo by Rob 
Thallon) 
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FIGURE 13.35 
A motorized hydraulic scissors scaffold is capable of supporting work- 


ers at the level of the fourth floor. These machines are efficient only on 


reasonably level sites. (Photo by Rob Thallon) 


BUILDING GREEN AT 
THE EXTERIOR WALLS 


Exterior finishes are involved in a 
number of green issues. An espe- 
cially important one is energy effi- 
ciency over the life of the building. 
The provision of a durable, tight 
air barrier beneath the siding is ex- 
tremely important in limiting heat 
loss and gain caused by air infiltra- 
tion, which can be a very large com- 
ponent of the overall loss or gain of 
the building. EIFS is the one exte- 
rior finish that adds substantially to 
the thermal resistance of the wall 
and reduces fuel use over time. 


Some aluminum and vinyl siding 
materials include foam plastic insu- 
lation that is of some benefit in this 
regard. The contributions of other 
siding materials to the thermal re- 
sistance of the wall are relatively in- 
significant. 

Wood and plywood sidings are 
the only ones that are based on re- 
newable resources. 

Although aluminum siding has a 
very high embodied energy content, 
it is the one major siding material 
that is recyclable. Fiber-cement sid- 
ing uses wood fiber very efficiently, 
but, along with stucco, its portland 
cement binder is produced in plants 


that emit very large quantities of 
carbon dioxide and other pollutants. 
Vinyl is derived primarily from petro- 
leum, which is a dwindling resource 
that is not renewable, and its other 
major component, chlorine gas, is ex- 
tremely toxic and energy intensive to 
produce. 

The manufacture of vinyl siding 
produces extremely toxic, long-lived 
chemical byproducts. Vinyl also 
produces toxic combustion prod- 
ucts when incinerated or involved 
in a building fire. It resists natural 
degradation and is extremely difficult 
to recycle. 

Exterior coatings (paints, stains, 
and varnishes) should be consid- 
ered in relation to their emissions 
of volatile hydrocarbon solvents. 
Masonry siding materials do not re- 
quire painting, either initially or in 
service. Fiber-cement siding holds 
paint better than wood, which re- 
duces the amount of coating mate- 
rial that will be used over the life 
of the structure. Naturally decay- 
resistant woods such as redwood and 
red cedar, in the form of shingles, 
shakes, and siding boards, may be 
used without coatings. 

The durability of siding materials 
is another green issue. Sidings that 
last longer consume fewer resources 
on a life-cycle basis. Masonry is the 
material that generally lasts the lon- 
gest. Fiber-cement, stucco, and alu- 
minum sidings are very durable and 
require recoating only infrequently. 
Plywood and EIFS are the least du- 
rable sidings and may need replace- 
ment at an early date. 

Green considerations for all 
these materials are covered in other 
chapters, to which the reader is di- 
rected for further information. There 
is no easy way to weigh all the factors 
involved in selecting exterior materi- 
als so as to arrive at a clear choice that 
is the most environmentally responsi- 
ble. The goal is to make informed de- 
cisions on a project-by-project basis, 
giving most weight to the particular 
qualities that are most important in 
each case. 


C.S.1./C.S.C. 
MasterFormat Section Numbers for Finishing the Walls 


07 46 00 
07 62 00 
07 65 00 


09 90 00 


09 91 00 
09 93 00 
09 97 23 


SELECTED REFERENCES 


1. In addition to consulting the refer- 
ences listed at the end of Chapter 10, the 
reader should acquire current catalogs 


Key TERMs AND CONCEPTS 


splashback 

weather barrier 
asphalt-saturated felt 
housewrap 

siding 

board siding 

siding nail 
rainscreen principle 
aluminum siding 
vinyl siding 
plywood siding 
Z-flashing 

shingle siding 
stucco 


REVIEW QUESTIONS 


1. In what order are exterior finishing op- 
erations carried out on a platform frame 
building, and why? 

2. Which types of siding require a nail-base 
sheathing? What are some nail-base sheath- 
ing materials? Name some sheathing mate- 
rials that cannot function as nail bases. 


EXERCISES 


1. For a completed wood frame build- 
ing, make a complete list of the materi- 
als used for exterior finishes and sketch 
a set of details of the eaves, rakes, cor- 
ners, and windows. Are there ways in 
which each could be improved? 
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Siding 
Sheet Metal Flashing and Trim 
Flexible Flashing 


PAINTING AND COATING 


Staining and Transparent Finishing 
Concrete and Masonry Coatings 


from a number of manufacturers of sid- 
ing materials. Most lumber retailers also 
distribute catalogs of siding and millwork 


self-furring metal lath 

exterior insulation and finish system 
(EIFS) 

barrier EIFS 

water-managed EIFS 

masonry veneer 

manufactured stone 

exterior paints and coatings 

vehicle 

solvent 

pigment 

additive 

water-based coating 

solvent-based coating 


3. What are the reasons for the relative 
economy of plywood sidings? What spe- 
cial precautions are advisable when de- 
signing a building with plywood siding? 
4. How are corners made when siding a 
building with wood shingles? 


2. Visit a lumberyard and look at all the 
alternative choices of sidings, windows, 
doors, trim lumber, and roofing. Study 
one or more systems of gutters and down- 
spouts. Look at eave vents, gable vents, 
and ridge vents. 


that can be an invaluable part of the de- 
signer’s reference shelf. 


volatile organic compound (VOC) 
paint 

flat paint 

enamel 

stain 

clear coating 

lacquer 

varnish 

primer 

sealer 

ladder jack 

pump jack scaffolding 
pipe scaffolding 


5. Specify two alternative exterior coating 
systems for a building clad in wood bevel 
siding. 

6. What are the usual reasons for prema- 
ture paint failure on a wood-sided house? 


3. For a wood light frame building of your 
design, list precisely and completely the ma- 
terials you would like to use for the exterior 
finishes. Sketch a set of typical details to 
show how these finishes should be applied 
to achieve the appearance you desire, with 
special attention to the roof edge details. 
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PLUMBING BASICS 


Plumbing consists of two basic 
systems—a supply system of pressur- 
ized pipes that carry water into the 
building and a waste system of unpres- 
surized pipes that drain sewage from 
the building by gravity. Water for the 
supply system is usually drawn from 
either a municipal water system or 
a well. The waste system drains to 
either a municipal waste facility or 
an on-site septic system. Residences 
within urban boundaries are usually 
connected to public water mains and 
sewers, whereas a rural property often 
has a private well and septic system. 

The pipes within a _ house, 
whether for supply, waste, or vent, 
are connected to each other with fit 
tings, primarily right-angle elbows and 
T-shaped tees. These connectors slip 
over the ends of adjacent pipes. In 
copper piping, the fittings are made 
of copper and are soldered to the 
pipes. In plastic piping, the fittings 
are glued or clamped to the pipes, de- 
pending on the piping system used. 
Cast iron waste and vent piping is 
connected with stainless steel clamps 
that are lined with neoprene gaskets 
for a tight seal. 

The pressurized supply system is 
equipped with shutoffvalves so that all 
or part of it can be deactivated for re- 
pair or replacement work. These in- 
clude a main shutoff valve where the 
water service enters the house and 
small shutoff valves at each fixture. 

Waste piping and vent piping must 
slope at code-specified angles that 
range from %» to % inch per foot, the 


354 


Running water, both hot and cold, which we take for granted 
in a modern house, is a relatively recent development. It wasn’t 
until the latter part of the 18th century that the flush toilet was 
invented, and the mass-produced pipes to carry water and waste 
did not precede the toilet by many years. Only in the past 50 
years or so—since copper and plastic have replaced galvanized 
steel piping—have we been able to install plumbing that can be 
expected to last for the life of the building. 


exact angle depending on the size of 
the pipe. These slopes ensure that 
the waste piping will drain efficiently 
and that any condensate that accu- 
mulates in vent piping will drain into 
the waste system. Removable clean- 
out plugs must be provided at stra- 
tegic locations so that a plumber can 
gain access to the line by unscrewing 
one or more of these plugs if a line 
becomes clogged. 
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Supply Piping 

Water enters the house through a 
single supply pipe (usually 1 or % inch 
inside diameter) that is buried deeply 
enough in the ground to prevent it 
from freezing. When connected to a 
public water supply, the supply pipe 
passes through a water meter that mea- 
sures the residence’s water usage. The 
meter is usually at the street in temper- 
ate or warm regions and inside the 
house with an electronic readout on 
the outside in cold regions. Once with- 
in the house, the supply pipe is not re- 
duced in size until it reaches the water 
heater, after which it may be divided 
into branch lines to supply plumbing 
fixtures. The water supply to individu- 
al fixtures consists of a pair of supply 
lines—one hot, one cold—usually of 
“% inch diameter, depending on the 
number of fixtures that are fed by the 
same pair of pipes (Figure 14.1). 


Pressurized underground 
water pipe from well 
or municipal system 


A typical residential water supply distribution system. Water enters the house through 
a buried line and branches into two parallel lines. One is for cold water, and the 


other passes through the water heater and supplies hot water. Most plumbing fixtures 


require both cold and hot water supplies, but some fixtures such as toilets (water 


closets) require only cold water. 


Supply piping can consist of cop- 
per pipes with soldered fittings, poly- 
vinyl chloride (PVC) pipes with glued 
fittings, or flexible cross-linked polyethyl- 
ene (PEX) tubing with crimped fittings 
(Figure 14.2). Copper has been the 
standard of quality since the 1950s, 
but PVC, introduced in the 1970s, is 
seen by some to be an improvement 
because it is faster and safer to install 


(no flame to melt solder is required) 
and it is not corroded by minerals in 
the water. PEX, the most recent in- 
troduction, is even simpler to install 


than PVC because it can bend like a 
garden hose, it is quieter with water 
running through it, and it can with- 
stand expansion when freezing. 

The water heater is usually a large, 
insulated storage tank (typically, 40 to 
55 gallons) heated by either electric- 
ity or gas (Figure 14.3). Electric water 
heaters are simpler and therefore less 
expensive to install, whereas gas heat- 
ers heat water faster and can there- 
fore be smaller, but their installation 
is complicated by the requirement 
to vent combustion products to the 


FIGURE 14.3 
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outdoors. Hot water may also be sup- 
plied by a demand system, which passes 
water through a heating element to 
heat it instantaneously as it is needed 
and does not have a storage tank. The 
advantages of a demand system are 
that the system is compact and heat 
is not lost from stored hot water. De- 
mand systems use either electricity or 
gas as an energy source and are more 
expensive than conventional water 
heaters. The most common use of a 
demand system is for the “instant hot” 
faucets found at many kitchen sinks. 


FIGURE 14.2 

The plumbing department at this home improvement center 
displays three generations of piping. The machine on the floor 
cuts and threads galvanized iron pipe. The racks hold a variety 
of sizes and types of rigid copper and plastic pipe. Out of view 
is the most recent generation of flexible plastic pipe. (Photo by 
Greg Thomson) 


A water heater stands next to a forced-air furnace in a garage. 
This example uses natural gas as a fuel. One of the flexible 
copper pipes at the top of the heater supplies cold water to the 
heater, and the other conveys hot water to the house. The large 
vertical pipe at the top is a vent to exhaust combustion gases 
to the outdoors. The vertical pipe at the right side is connected 
to a pressure relief valve at the top of the heater tank and 
drains to the outside. The gas supply piping can be seen at the 
lower left of the heater. The heater is strapped to the wall to 
avert catastrophic damage in the event of an earthquake. The 
efficiency of the heater can be increased with the addition of 
an insulating jacket. (Photo by Rob Thallon) 
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Supply piping should be wrapped 
in thermal insulation. This usually 
takes the form of either a plastic foam 
jacketing or slit tubes of closed-cell 
rubber, which are slipped over the 
pipes, or a wrapping of glass fiber in- 
sulation encased in a vapor-resistant 
foil or plastic film (Figure 14.4). This 
insulation has several functions: It 
helps to keep cold water cold in the 
pipes and hot water hot. It helps con- 
serve the energy used to heat the 
water. In humid conditions, it pre- 
vents condensation of moisture on 
cold water pipes. 

In locations subject to tempera- 
tures that will never drop more than 
several degrees below the freezing 
mark, pipe insulation will prevent 
water from freezing in the pipes. 


However, no amount of pipe insula- 
tion can prevent a pipe from freezing 
if it is exposed to very low tempera- 
tures for a period of hours. This is be- 
cause a pipe contains only a very small 
volume of water that does not contain 
enough heat to overcome heat losses 
from its large surface area. In cold 
climates, it is best to design every 
building so that no supply pipes are 
located in exterior walls or unheated 
spaces. If this is not possible and pip- 
ing must run in crawlspaces, exterior 
walls, attics, or other unheated loca- 
tions, it is imperative that the pipes be 
located on the warm side of the house 
insulation, next to the interior finish 
material. The designer should high- 
light this requirement in the plumb- 
ing specification and follow up with 


FIGURE 14.4 
A slotted foam insulation jacket is being installed on this 
copper supply piping to help conserve energy. When insula- 
tion is used on pipes to prevent freezing or condensation, the 
entire length of pipe must be covered. (Photo by Greg Thomson) 


careful on-site inspection to be sure 
that it is implemented. As long as the 
house itself is heated, a pipe in this 
location will never freeze. If a pipe 
falls within the house’s insulation or 
outside it, it is likely that it will freeze, 
even if it is jacketed with its own in- 
sulation. When a pipe freezes, the 
expansion of the water when it turns 
to ice will usually split the pipe open. 
As soon as warm weather returns and 
the pipe thaws, large quantities of 
water will flood the house. 


Wastewater Piping 


Wastewater piping works much like a 
natural watershed, in which numer- 
ous small streams feed into a river 
that ultimately empties into the sea. 
In a residential wastewater system, the 
flow starts at the individual fixtures 
(toilets, sinks, tubs, etc.). From those 
fixtures, the waste flows through 
branch lines to a main drain that 
passes through the foundation to the 
building sewer. The building sewer 
then empties into either a municipal 
sewer or a septic system. 

The pipes in this system have 
specific names, depending on their 
use (Figure 14.5). Lines connected 
to toilets are at least 3 inches in di- 
ameter and are called drain piping or 
soil lines. Lines free of solids, called 
waste piping, can be smaller—usually 
1% or 2 inches in diameter. The line 
at the base of the system that is the 
receptor for all the drain and waste 
piping is the building drain. At a dis- 
tance of 2 feet beyond the foundation 
wall, the building drain becomes the 


building sewer. 
The wastewater system contains 
noxious, flammable sewer gases. 


These gases are kept out of the house 
by means of a P-trap at each fixture 
that seals the end of the pipe with wa- 
ter (Figure 14.6). When wastewater is 
released from the fixture, it displaces 
water held in the trap. A vent on the 
sewer side of each trap supplies air so 
that draining water cannot create a 
suction to pull water out of the trap. 
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A typical residential wastewater system. All fixtures drain to the building drain through 
sloping or vertical branch lines. At the exterior of the foundation, the building drain 


becomes the building sewer. All fixtures are vented to the exterior through a network 


of vent pipes (shown with broken lines). 


The vent piping extends through 
the roof of the house. A relatively 
new device, the air admittance valve 
(AAV), admits air to the wastewater 
system without venting through the 
roof. These valves are installed in 
the drain-waste-vent system inside the 
building and admit air whenever neg- 
ative pressure occurs in the system. 
The valve remains open until the sys- 
tem returns to zero pressure. The use 
of AAVs in new construction can sub- 
stitute for a considerable amount of 
vent piping. Cleanouts are required at 
strategic points in the system to allow 
reasonable access for the cleaning of 
clogged lines. 


The entire system, consisting of 
drain pipes, waste pipes, and vent 
pipes, is called a drain-waste-vent (DWV) 
system. Materials for residential DWV 
systems generally consist of black ABS 
pipe (composed of an acrylonitrile- 
butadiene-styrene copolymer) that is 
glued at the fittings. This pipe is the 
least expensive of all approved alter- 
natives, and its only significant draw- 
backs are that it transmits the sound 
of draining water and expands and 
contracts considerably with thermal 
changes. Other waste pipe materials 
include PVC pipe, used because of its 
lighter weight, and cast iron pipe, used 
because its mass makes it quieter than 
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FIGURE 14.6 
A typical plumbing trap prevents noxious 
waste line gases from escaping into the 


living space. 
Drain/Waste Pipe 

Fixture Diameter (in.) 
Kitchen sink 2 

Bar sink 1% 

Washer 2 

Laundry tub 2 

Lavatory 1% 

Shower 2 

Tub 2 

Toilet 3 


FIGURE 14.7 

Typical drain/waste pipe diameters 

for the plumbing fixtures found in the 
average house. Actual sizes are deter- 
mined by the plumber based on build- 
ing code formulas that assign drainage 
fixture units (DFU) to various fixtures. 
A 2%-bathroom house with a dishwasher 
and laundry facilities usually has fewer 
than 20 DFU. Thus, all the fixtures in 

a residence typically discharge into a 
3-inch building drain, which can hold 42 
DFU when sloping at % inch per foot. 


plastic. Pipe diameters for residential 
DWV systems usually include 14%, 2, 3, 
and sometimes 4 inches (Figure 14.7). 
All DWV components, including vents, 
must be sloped to drain. All plastic 
pipes require special attention to ther- 
mal expansion and contraction. 
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PLANNING FOR PIPES 


Planning for plumbing begins early in 
the design phase of a residential proj- 
ect. The location of the water main 
or the well determines the direction 
from which the supply pipe will enter 
the building. The location of the pub- 
lic sewer or the septic system estab- 
lishes the approximate route for the 
building drain. Once the basic routes 
for plumbing to enter and exit the 
house have been established, sleeves 
may be designed into the foundation 
to allow for their passage. 

The framing of the building must 
be planned by the designer to accom- 
modate plumbing. Supply pipes and 
the smaller diameters of waste and 
vent pipes will fit within the stud or 
joist cavities, but special provisions 
must be made for the large drain 
pipes. A toilet drain pipe, for exam- 
ple, must be in a particular location, 
must have a prescribed slope, and can 
be difficult to route through fram- 
ing—particularly from upper floors 
(Figure 14.8). As framing proceeds, 


ean 


FIGURE 14.8 

A typical water closet flange measures 
6 inches (150 mm) from the bottom of 
the subfloor to the bottom of the bend. 
The drain line must slope at % inch per 
foot (1 : 50). The joists in this example 
must therefore be a minimum of 7 
inches deep for the waste line to travel 
the 4 feet across the bathroom. 


the framer can also make the plumb- 
er’s job more efficient by paying at- 
tention to the layout of studs and 
joists around the plumbing fixtures 
(Figure 14.9). 

Outside the boundaries of the 
house, all pipes are buried. Usu- 
ally, the same trench may be used 
for more than one utility (i.e., water 
supply, electrical and phone lines) , so 
coordination of plumbing with other 
utilities is beneficial. 

Although the clustering of plumb- 
ing fixtures around a plumbing wall 
(Figure 14.10) does minimize the 


a 


FIGURE 14.9 


amount of pipe that must be used 
and can make the plumber’s job 
easier, it is not usually a high pri- 
ority except in multiunit projects 
where savings are multiplied. In 
custom houses, plumbers generally 
base their bid on the number of fix- 
tures in any case, ignoring the rela- 
tive efficiency of the layout. It is al- 
ways wise to locate the water heater 
centrally so as to deliver hot water 
to each fixture as quickly as possible 
and to specify that vents be tied to- 
gether in the attic to avoid multiple 
roof penetrations. 


The framer, knowing that the plumber will need to locate tub and 
shower valves centered on the tub, has placed studs accordingly. Joists 
below the tub have been located to allow for the tub trap. The plumber 
has installed the tub and rough-in supply and waste piping. The framer 
will now add blocking around the tub edge to provide nailing for finish 


wall surfaces. (Photo by Rob Thallon) 


a 


Vent through roof 
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with pipe space 
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basement ceiling 
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FIGURE 14.10 

The plumber’s work is easier and less 
expensive if the building is designed to 
accommodate the piping. The “stacked” 
arrangement shown here, in which a 
second-floor bathroom and a back-to- 
back kitchen and bath on the first floor 
share the same vertical runs of pipe, 

is economical and easy to rough in, 
compared with plumbing that does not 
align vertically from one floor to the 
next. The double wall framing on the 
second floor allows plenty of space for 
the waste, vent, and supply pipes. The 
second-floor joists are located to provide 
a slot through which the pipes can pass 
at the base of the double wall, and the 
joists beneath the water closet (toilet) 
are headed off to house its waste pipe. 
The first floor shows an alternative type 
of wall framing using a single layer of 
deeper studs, which must be drilled to 
permit horizontal runs of pipe to pass 
through. 


ROUGH-IN PLUMBING 


The scheduling of the plumber 
varies, depending on the type of 
construction. With — slab-on-grade 
construction, the plumber arrives on 
the site with the foundation crew be- 
cause all subfloor piping must be in 
place before the slab is poured (see 
Figure 14.11). In houses with a crawl- 
space, the plumber should complete 
work in the crawlspace before the 
subfloor sheathing has been installed 
(Figure 14.12). If the house has a 
basement, the plumber may wait to 
start work until after the roof has 
been framed; then the workplace will 
be protected from the weather and all 
the rough plumbing can be installed 
at the same time (Figure 14.13). 
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FIGURE 14.12 
Both supply and waste piping are typically installed in a crawlspace floor structure 
before the subflooring is applied. The supply piping is located at the center of the 


joists, while the waste piping hangs below. Plastic straps and clamps hold the waste 
Piping in place. (Photo by Rob Thallon) 


FIGURE 14.11 

The plumber has roughed in the drains 
for this residence to be built on a slab- 
on-grade foundation. Set at the specified 
level and sloped to drain, the pipes are 
supported by the gravel under the future 
slab. More gravel will be added before 
the concrete is poured. The batt insula- 
tion taped to the vertical sections of pipe 
will prevent the concrete from making 
direct contact with the pipes and permit 
independent movement of plumbing and 
slab. (Photo by Rob Thallon) 


This first phase of the plumbing 
work is called rough-in plumbing. It 
consists of installing virtually all the 
supply and waste piping within the 
building. Bathtubs and manufactured 
showers—because they are very large 
and will not fit through doors and be- 
cause they must be connected below 
the floor—are typically set during the 
rough-in plumbing phase as well (Fig- 
ure 14.14). Generally, the waste pipes 
are installed first because they are 
the largest and must slope properly 
to drain. The plumber will drill holes 
in framing members for these pipes 
according to guidelines established 
by the building codes. The pipes are 
then installed and glued together 
with fittings. The plumber must also 
install supports for the pipes, which 
are placed at code-required intervals 
(Figure 14.15). The supports consist 
of plastic pipe hangers or a combina- 
tion of blocking and plumber’s tape—a 
flexible galvanized metal strap with 
holes for fasteners. Sometimes, fram- 
ing must be modified slightly to ac- 
commodate the plumbing. This may 
be done by either the plumber or the 
framer. 

The supply pipes are installed 
during the rough-in phase as well. 
Because they are much smaller than 
waste pipes and do not rely on gravity, 
supply pipes can be routed through 
the framing without much planning. 


FIGURE 14.13 
At the basement ceiling, the plumber installs the plastic waste pipes first to be sure 

that they are properly sloped to drain. The copper supply pipes for hot and cold water 
are installed next. (Photo by Edward Allen) 


Small holes are drilled for pipes to 
pass through members, and clamps 
are used to secure pipes running par- 
allel to framing. A variety of manufac- 
tured clips and brackets are used to 
hold the fixture end of the pipes in 
place, and the pipes are temporarily 
capped to keep out dirt and to allow 
them to be pressure tested. Where 
pipes must pass close to the surface 
of the framing, a steel nailing plate 
must be installed on the face of the 


framing to prevent nails driven dur- 
ing the finish phase of construction 
from penetrating the pipes. 

Once the rough plumbing is in- 
stalled, it must be tested to detect 
any leaks, which would be costly to 
repair once the plumbing is covered 
with finish materials. The plumber 
performs the test, and the plumb- 
ing inspector verifies it. The supply 
pipes are tested under pressure with 
either water or air. The waste system 
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FIGURE 14.14 
Tubs and preformed shower enclosures 


are installed during the rough-in plumb- 
ing phase because they are often too 
large to maneuver through a fully framed 
house and because their trap is con- 
nected within the joist space, which will 
be covered before the finish plumbing 
phase. (Photo by Rob Thallon) 


is tested by plugging the lowest part 
of the drain with an inflatable test 
plug, capping all branch lines, and 
filling the system with water until it 
emerges from a vent on the roof. 
At the same time, the plumbing in- 
spector confirms that the pipes do 
not leak; all pipes are checked for 
proper sizing, for adequate support, 
and for protection by nailing plates 
where they are near the surface of 
the framing. 
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FINISH PLUMBING 


After the floors are finished, the cabi- 
nets installed, and the appliances in 
place, the plumber returns to the 
job site to install the plumbing fixtures 
(Figure 14.16). The water heater is in- 
stalled at this time. Toilet(s) are bolted 
to the floor, and their cold water supply 
is connected. Sinks are fastened and 
sealed to countertops, connected with 
traps to the waste pipes in the walls, and 
their faucets installed and connected 


FIGURE 14.15 
Mounting brackets for piping consoli- 
date functions and allow easy installation 
at any point in the space between studs. 
This washer assembly has hot and cold 
supply valves and a drain for the washer 
discharge pipe integrated with the 
mounting bracket. (Photo by Edward Allen) 


to the hot and cold water supply. The 
tub fillers, shower valves, and shower 
heads are installed and adjusted in 
the bathroom(s). The dishwasher is 
supplied with hot water, and its waste 
line is connected to the kitchen sink 
drain. When all the fixtures have been 
installed and tested, the plumber calls 
the plumbing inspector for a final in- 
spection. The inspector looks to see 
that code-approved fixtures have been 
installed, that traps have been installed 
properly, and that there is adequate 


FIGURE 14.16 
During the finish plumbing phase, the plumber installs fixtures and connects them to 
supply and waste lines in an orderly sequence. In the case of a sink, (1) the strainer(s) 
and trap are installed on the sink, (2) the sink is fastened to the countertop and 
sealed, (3) the trap is connected to the waste line, (4) the valves are installed on the 
sink, (5) the hot and cold water are connected to the valves, and (6) the system is 
tested for leaks. (Photo by Rob Thallon) 


vertical distance (an air gap) between 
spouts and the flood level of the recep- 
tacle into which they flow. 


PLUMBING CODES 


The safety and quality of plumbing 
is governed by the Uniform Plumbing 
Code. This code has been adapted and 
incorporated into the International 
Residential Code (IRC). Residential 
plumbing systems must pass at least 
two on-site inspections: the rough-in 


inspection and the final inspection, as 
described previously in the “Rough- 
in Plumbing” and “Finish Plumbing” 
sections of this chapter. 

Plumbers are intimately aware 
of the requirements of the code, but 
architects and builders must also be 
familiar with specific provisions in the 
code that will impact the design and 
construction of the residence. These 
include the following: 


e The minimum number of fixtures 
in a dwelling 


¢ The materials that can be used for 
pipes and fittings 

e The minimum size of pipes based 
on how many fixtures are connected 
to them 


e The location and maximum spac- 
ing of cleanouts 


e The slope of waste drainage piping 
¢ The support of piping 
e The minimum distance of vents 


from operable windows to prevent 
sewer gas from entering the house 


OTHER PIPING SYSTEMS 


In addition to the supply and waste 
systems supplied and installed by the 
plumbing subcontractor, there are a 
number of other piping systems in- 
stalled in a residence by the plumber 
or other subcontractors. The installa- 
tion of these systems is coordinated 
with the installation of rough plumb- 
ing, wiring, and heating. 


FIGURE 14.17 

A 6-inch building sewer that serves 10 
apartments is being installed in this 
trench. Four-inch lines that carry sewage 
from five apartments drain to the main 
sewer from each side. The vertical pipe 
at the far end of the sewer is a cleanout 
and will be cut flush with the ground and 
capped when the finish grade level is 
established. The sewer is sloped to drain 
and is supported by a gravel bed. Other 
utilities will also be installed in the same 
trench before it is backfilled. (Photo by 
Rob Thallon) 


The Building Sewer 


The plumbing subcontractor is gen- 
erally responsible for extending the 
supply and waste pipes only about 
2 feet from the house. In the case of 
the waste system, this is the end of the 
building drain and the beginning of 
the building sewer. The installation of 
the building sewer that connects the 
building drain to a municipal sewer or 
septic system is generally performed 
by either the excavator (sometimes in 
collaboration with the plumber) or 
the septic system subcontractor. Both 
have heavy equipment to excavate 
ditches, and both have licenses to do 
this work (Figure 14.17). 
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Water Supply Line 


The water line between the house and 
the municipal water system or the well 
may or may not be installed by the 
plumber. With municipal systems, this 
line may be installed by the water util- 
ity itself. When the supply comes from 
a well, the well driller will often install 
the supply line to the house. In either 
case, the water supply line is often laid 
in a common trench with other utili- 
ties such as electricity, gas, or phone. 


Gas Piping 


Piping for natural gas or propane is 
common in residences. This must be 
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resistant to heat in order to safely con- 
tain its combustible contents in the 
event of a house fire. Until recently, 
all gas piping was made of black pipe— 
a combination of steel and wrought 
iron that is resistant to heat and to 
the corrosive actions of both gas and 
moisture. However, black pipe has 
to be threaded at the site wherever 
it is joined—a very costly operation. 
A plastic-coated corrugated stainless 
steel pipe that bends without fittings 
has now replaced black pipe because 
its installation costs are much lower. 
The few connections that are re- 
quired with this new pipe are made 
with pressure fittings. Plastic piping 
may be used for underground gas 
lines. All gas piping must be installed 
by a plumber licensed to do so. 


Fire Sprinkler System 


Residential sprinkler systems that au- 
tomatically extinguish incipient fires 
have been mandated in multifamily 
housing since the 1980s and are now 
required by the 2009 IRC to be in all 
single-family homes. Although some 
states are resisting adoption of the 
provision, it is clear that henceforth it 
will be problematic to build any resi- 
dential structure without a fire sprin- 
kler system. Unlike commercial sys- 
tems where the goal of fire sprinklers 
is to preserve both life and property, 
the goal of residential systems is pri- 
marily focused on saving lives. So, 
in contrast to commercial systems 
that are sized to deliver water to mul- 
tiple sprinkler heads for 30 minutes 
or more, residential systems need 
to supply only one or two heads for 
10 minutes. Consequently, residential 
systems require much less water and 
use smaller-diameter pipes. 

There are two basic types of 
residential sprinkler systems—stand- 
alone and multipurpose—both of which 
are fed by a supply line connected 
to the domestic water supply near 
its source (Figures 14.18 and 14.19). 
Aside from its connection at the 
source, a stand-alone system does not 
otherwise interact with the domestic 
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FIGURE 14.18 
Aside from being connected to the same source, a stand-alone residential fire sprinkler 
system is independent of the water supply. 
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FIGURE 14.19 

An integrated residential fire sprinkler system draws water from branches extended 
from the domestic supply system. The branches are looped so that water flows past the 
sprinkler heads whenever water is turned on in the house. 


plumbing system. This means that 
pressurized water stands stagnant in 
the sprinkler pipes for long periods 
of time, so a check valve must be in- 
stalled to prevent backflow of sprin- 
kler water into the domestic supply. 
A multipurpose system integrates 
the fire sprinklers with the domes- 
tic cold water supply system so that 
water flows past the sprinkler heads 
with daily domestic use. 

Piping for domestic sprinkler sys- 
tems is generally made of copper or 


plastic (chlorinated polyvinyl chlo- 
ride [CPVC] or PEX). Piping size de- 
pends on the size of the system and 
available water pressure. An average- 
sized house with average water pres- 
sure can usually be made with l-inch 
pipe. Metal pipes can be left exposed, 
but plastic types must be protected 
from heat with a thermal barrier such 
as drywall. All types of pipe must be 
protected from freezing. 

As required by code, residen- 
tial sprinkler heads must be located 
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in all significant rooms, including 
closets larger than 24 square feet. 
Large rooms may need more than 
one head. Residential sprinkler 
heads are designed to activate af- 
ter 30 seconds of exposure to tem- 
peratures above 155 to 175°F (68 
to 79°C). The system can be in- 
stalled by a plumber or a specially 
licensed subcontractor and is typi- 
cally coordinated with and installed 
at the same time as the plumbing 
(Figure 14.20). 


FIGURE 14.20 

A roughed-in residential fire sprinkler 
system. A ceiling sprinkler head will 

be connected to the pipe in the left 
foreground. At the right, a pipe proj- 
ects through the wall where an exterior 
sprinkler head will be installed over a 
window. (Photo by Rob Thallon) 
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Solar Water Heating 


Piping for active solar heating applica- 
tions is usually installed concurrently 
with the rough plumbing. Piping is 
typically similar in size and material 
to the domestic supply system. The 
system may be installed by a plumber 
or a licensed subcontractor specializ- 
ing in solar heating. It is not uncom- 
mon to install pipes for future use 
in a solar system, such as pipes that 
extend from attic to basement, which 
could later connect an active solar 
panel on the roof with a water heater 
in the basement. 


Hydronic Heating System 


FAydronic heating systems heat water in 
a boiler and convey this heat to the 
rooms of a house through pipes. 
Some hydronic systems operate at 
a pressure similar to that of supply 
piping and are typically installed by 
a master plumber. Other systems 
work at lower pressure and may be 
installed by a separate, specialized 
subcontractor. In both cases, the pip- 
ing is similar to residential supply 
piping and is installed concurrently. 
These systems are discussed further 
in Chapter 15. 


Central Vacuum System 


A central vacuum system is powered by 
a central vacuum /collector unit that 
is connected by means of 2-inch rigid 
PVC piping to outlets distributed 
throughout the house (Figure 14.21). 
Low-voltage wiring is run with the 
pipe and is connected to a switch at 
each outlet that turns on the vacuum 
when a vacuum hose is inserted. 


BUILDING GREEN WITH 
PLUMBING SYSTEMS 


The primary concerns of sustain- 
ability with plumbing are reducing 
water use and reducing the amount 
of sewage generated. Water use may 
be reduced by 


FIGURE 14.21 
A central vacuum system mounted in the basement of a house. Dirt and dust are 
sucked into the machine through the 2-inch PVC pipes at the left, and air is exhausted 
to the outside through the pipe at the right. (Photo by Greg Thomson) 


e Installing composting toilets, 
which use no water at all. They 
do, however, occupy a large vol- 
ume in a building, which requires 
special planning during the de- 
sign stage. Not all homeowners 
(or boards of health) find them 
acceptable. 


at, 


U ene 


¢ Using 1.6 gallons per flush (6 liters 
per flush) toilets, which are now the 
industry standard. 


¢ Using low-flow faucets and shower 
heads. 


Some additional considerations 
for improving the _ sustainability 


of plumbing systems include the 
following: 


¢ Gas-fired domestic water heaters 
are more fuel-efficient than electric 
ones. 

e Avoid installation of a garbage 
disposal and establish a compost pile 
instead. Garbage disposals use large 
quantities of water to flush away small 
quantities of organic material that is 
better used to fertilize the garden. 
Furthermore, garbage disposal wastes 
tend to overload and clog septic 
systems. 


§ 
3 
= 
> 
= 
a 
= 
= 
= 
> 
~ 
= 
— 
> 
2 
_ 
7 
> 
> 
~~ 
a 
fe 
— 
= 
_— 
= 
= 
= 
— 


e Plant landscape materials that re- 
quire little water to grow and mini- 
mize the size of lawns. 

¢ Use high-efficiency clothes wash- 
ers and dishwashers. 

e In areas where it is legal, separate 
gray water (wash water) from sewage 
and use it to irrigate lawns or gardens. 
¢ Consider using demand water 
heaters, which heat water just before 
it emerges from the tap, rather than 
conventional storage tank heaters, 
which continually lose considerable 
amounts of heat. 


| 
b | 
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e The cleaners and adhesives used 
to install PVC piping, and the solders 
and fluxes used with copper piping, 
all generate air pollutants. These 
dissipate quickly, however, and are 
seldom a problem in even a newly 
occupied house. 


¢ PVC piping has the same se- 
rious environmental conse- 
quences involved with its manufac- 
ture and disposal as does vinyl siding. 
These problems are outlined in the 
“Building Green” section at the end 
of Chapter 13. 


FIGURE 14.22 

A drain-heat recovery system captures 
much of the heat that usually escapes in 
heated water going down a drain. A cold 
water supply line enters the base of a 
coil that wraps a drain line, and the heat 
from draining hot water is transferred 

to the entering cold water. The system 
works best with a shower, because supply 
and drain operate simultaneously, but 
with a holding tank, it can be effective 
with other equipment that uses hot water. 
(Photo courtesy of Rainbow Valley Design and 
Construction) 
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C.S.1./C.S.C. 
MasterFormat Section Numbers for Plumbing 


2113 00 
22 00 00 


22.11 16 
22 13 16 
22 33 00 
22.34.00 
22 41 00 
23 21 00 
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Key TERMs AND CONCEPTS 


supply system 

waste system 

plumbing fitting 

elbow 

tee 

shutoff valve 

waste piping 

vent piping 

supply pipe 

water meter 

branch line 

copper pipe 

polyvinyl chloride (PVC) pipe 
cross-linked polyethylene (PEX) tubing 


REVIEW QUESTIONS 


1. What are the three most commonly 
used types of supply piping? What are 
the advantages and disadvantages of 
each? 

2. What are the reasons for insulating sup- 
ply piping? 


Fire-Suppression Sprinkler Systems 


PLUMBING PIPING 


Domestic Water Piping 


Sanitary Waste and Vent Piping 


Electric Domestic Water Heaters 
Fuel-Fired Domestic Water Heaters 


Residential Plumbing Fixtures 


Hydronic Piping and Pumps 


terials complete the coverage of rough 
plumbing. 
2. Hemp, Peter. Installing and Repairing 


Plumbing Fixtures. Newtown, CT: Taunton 
Press, 1994. 


water heater 

demand system 

drain piping 

soil line 

building drain 

building sewer 

P-trap 

air admittance valve (AAV) 
cleanout 

drain-waste-vent (DWV) system 
ABS pipe 

cast iron pipe 

rough-in plumbing 
fittings 


3. What is the difference between a drain 
line and a waste line? 

4. Explain in detail the reason for vent 
piping. 

5. How does a trap prevent sewer gases 
from entering the house? 


The companion to the previous refer- 
ence. This one describes the materials 
and process of finish plumbing. 


plumber’s tape 

nailing plate 

plumbing fixture 

Uniform Plumbing Code 

gas piping 

black pipe 

fire sprinkler system 

stand-alone sprinkler 
system 

multipurpose sprinkler 
system 

solar water heater 

hydronic heating system 

central vacuum system 


6. Why does the plumber usually have 
to schedule at least three phases for the 
completion of the plumbing of a new 
house? 


EXERCISES 


1. Design a new bathroom for an existing 
house. Make a three-dimensional drawing 
showing all of the supply and waste piping 
required to serve the fixtures in the new 
room. If possible, indicate how to connect 
the new proposed piping to the existing 
plumbing in the house. 


2. Go to a home improvement store and 
make a list of all the materials required to 
add a lavatory in your bedroom. 


3. Call a local plumbing contractor and 
ask permission to visit a residential con- 
struction project with the plumber. De- 
scribe the phase of construction under 
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way and take notes about exactly what the 
plumber will be doing that day. 


oelppbelilahy 
pesebphye hp 


¢ Choosing a System 


¢ Forced-Air Systems 
Components of the System 
Planning a Forced-Air System 
Forced-Air Rough-in Construction 


¢ Radiant Panel Systems 
Types of Radiant Panel Systems 
Radiant Rough-in Construction 


¢ Hydronic Heating Systems 


HEATING AND 
COOLING 


e Local Source Heaters 
Installation of Local Source 
Heating Devices 
e Finishing a Heating/ 
Cooling System 


¢ Heating and 
Cooling Systems and 
the Building Codes 


¢ Green Strategies for Heating 
and Cooling Buildings 


371 


Modern heating and cooling systems, designed to maintain temperature and humidity 
within a zone of human comfort, are often more sophisticated than any other system in 
a house. They feature efficient equipment, complex distribution systems, and sensitive 
controls. Their installation can involve the trades of plumbing, sheet metal work, electri- 
cal work, insulation, and carpentry. The same system may be called on to heat during 
the winter, cool during the summer, control humidity all year long, and remove dust and 
pollen from the air. As a category, systems that condition the interior environment for 
human comfort are referred to as heating, ventilating, and air-conditioning (HVAC) systems. 
The design of an efficient HVAC system should take place simultaneously with the 
design of the building itself. Simple systems such as baseboard heaters may be designed 
by rules of thumb, but more sophisticated systems that both heat and cool are often 
designed by an engineer in collaboration with the building designer. In a typical scenario, 
the design process starts with a proposed preliminary design by the building designer 
based on the needs of the client. The engineer or heating system specialist then develops 
the proposal sufficiently to make suggestions about the size and location of equipment 
and a heat distribution system. Next, the engineer and designer, working together, refine 
the design sufficiently to specify its details in drawings and specifications. In complicated 
buildings, there may be several cycles of discussion between engineer and designer, but 
in simpler buildings, one round of discussions may be adequate. In all cases, the building 
designer must integrate the system into the planning, the structure, and the finish details 
of the house, and the engineer will refine the details of the system as it is being installed. 
A well-designed system takes into account the many energy conservation principles 
now well known in the house building industry. With a coordinated approach between 
building designer and heating engineer, the system can be both efficient and effective. 
Extra insulation in the envelope of the building can result in a smaller and less expensive 
system. For heating systems, the potential for passive solar assistance should be consid- 
ered. For cooling systems, the simple principles of shading and natural cross ventilation 
can have a significant beneficial effect. 


CHOOSING A SYSTEM 


The ideal HVAC system effectively 
provides for human comfort, is 
efficient in terms of energy con- 
sumption, and can be upgraded 
or extended over time. There are 
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so many factors to consider that 
the choice is difficult, but consum- 
ers have firsthand experience with 
most systems, and design profes- 
sionals are becoming more skill- 
ful in explaining the strengths and 
weaknesses of each (Figure 15.1). 


Recently, designers and contractors 
have begun to use life-cycle costing, 
which examines all energy-related 
costs over the life of the building, 
as an effective tool for selling re- 
sponsible investment in long-term 
energy savings. 


FIGURE 15.1 

A comparison of the principal types of 
heating systems. Local source systems 
include electrical baseboard heaters, wall 
heaters, and radiant stoves. 


There are four basic categories of 
HVAC systems from which to choose: 


¢ Forced-air systems, which heat (and 
cool) air ata central location and force 
it through ducts to all the rooms of a 
house. The process of moving heat by 
means of air is called convection. 


e Radiant panel systems, which em- 
ploy water or electricity to heat large 
areas such as floors or ceilings. The 
heat travels directly from the heat- 
ed surfaces by means of radiation to 
reach the objects and occupants of a 
house. 


¢ Hydronic baseboard systems, which 
operate with a centralized boiler that 
supplies heated water to small, locally 
controlled convectors. These systems 
employ both convection and radia- 
tion. 


¢ Local source systems, which heat (or 
cool) by means of small local units 
such as baseboard heaters or wall 
heater/air conditioners built into 
each room of a house. These systems 
also employ both convection and ra- 
diation. 


Each of these categories has sev- 
eral variations. The selection of the 
system most suited to the particu- 
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Advantages Disadvantages 
Forced air e Rapid response time e Relatively noisy 
e Ability to filter air and ¢ Ducts are bulky 
control humidity * Difficult to zone 
¢ Ability to both heat 
and cool 
Radiant panel * Quiet ¢ Slow response time 
¢ Invisible ¢ No cooling or air filtration 
¢ Zoning is simple 
Hydronic baseboard ¢ Zoning is simple ¢ Baseboard placement can 
* Quiet limit furniture arrangements 
¢ No cooling or air filtration 
Local source ¢ Zoning is automatic ¢ Most are relatively noisy 


¢ Low first cost 


lar circumstances of each building 
should take all of the following into 
consideration: 


Climate. The difference between a 
cold climate where heating is the 
dominant need and a warm climate 
where cooling is required will have 
a significant impact on the selection 
of a system. More subtle climatic 
differences such as high or low 
humidity, wind, and other factors will 
also impact system selection. 


Construction system. If a house is built 
on a slab, the options for heating sys- 
tems are quite different from those 
for a house with a basement or crawl- 
space. Radiant systems are easily in- 
corporated into a slab, for example, 
whereas forced-air systems are not. 


Construction cost. There is a wide range 
of costs associated with various heat- 
ing systems. As a rule, the first cost 
of electric baseboard heaters is the 
lowest, whereas a sophisticated heat 
pump system can cost many times 
more. 


Energy source. The availability of inex- 
pensive energy often affects the selec- 
tion of a heating system. Inexpensive 
electric baseboard heaters and wall 


¢ No air filtration 


heaters are common in areas with 
low electrical rates but rare in areas 
where electricity is expensive. 


Zoning. It is often desirable to create 
distinct heating zones in a house. There 
may be a desire to have sleeping areas 
cooler, bathing and dressing areas 
warmer, or rooms that are seldom 
occupied at different temperatures. 
The desire to create distinct heating 
zones in a house will lead to the se- 
lection of systems that are reasonably 
simple to zone. 


Air quality. Humidity control and air 
filtration are possible with some sys- 
tems, but not with others. 


Aesthetics. Some systems such as the ra- 
diant floor are free of grills, registers, 
or appliances and allow total flexibil- 
ity of furniture arrangement. Other 
systems such as freestanding heaters 
can become the focus of a room. 


Distribution system. Centralized sys- 
tems can have heating and cooling 
distributed throughout the house by 
air (forced-air systems) or water (hy- 
dronic systems). Forced-air systems 
require relatively large ductwork, 
while hydronic systems require only 
small pipes. 
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FIGURE 15.2 


A forced-air system in a two-story house with a basement. The furnace is in the 


basement and blows warm air through supply ducts to registers in the floor near the 


exterior wall of each room. The air returns 


to the furnace through a centrally located 


return-air duct with a return-air grill near the ceiling of each floor. With the addition of 


a heat pump or an air conditioner, the system is capable of delivering cool air as well. 


FORCED-AIR SYSTEMS 


Forced-air heating is by far the most 
prevalent heating system in North 
America, accounting for over 60 per- 
cent of all residential heating. The 
forced-air heating system is composed 
of a central furnace that heats air and 
forces it through small supply ducts 
to each room. From the room, the 
air travels back to the furnace via a 


return-air duct. A fan located in the 
furnace moves the loop of heated air. 
The ducts that conduct the air be- 
tween the furnace and the rooms are 
usually insulated and are sized for the 
volume of air passing through them 
(Figure 15.2). 

Advantages of forced-air systems 
include the ability to heat a house 
rapidly and the potential to inte- 
grate other climate control devices 


with it. The most common addition 
to the system in moderate climates is 
a heat pump (Figure 15.3), which can 
increase heating efficiency by a fac- 
tor of about 3. A typical heat pump 
works like a refrigerator in reverse 
and will extract heat from outdoor 
air even though the air is cool. Air- 
to-air heat pumps commonly work 
efficiently in air as cold as 30°F. Be- 
low this temperature, an auxiliary 
source of heat must be used to warm 
the air in the system. The same heat 
pump that provides heating will also 
provide cooling; however, cooling 
ducts need to be slightly larger since 
more air volume is required. Cool- 
ing can also be added to the system 
with a simpler and less expensive 
electric air conditioner (Figure 15.4). 
Both humidity and air quality can 
be controlled at the furnace with 
specialized equipment added to 
the main supply duct. A humidifier 
can add moisture to the air, and a 
dehumidifier can lower the moisture 
content. Both are controlled by 
a humidistat located strategically 
in the house. Every furnace has a 
simple filter located in the central 
return-air duct in order to remove 
dust from the air for the benefit of 
the occupants of the house and the 
longevity of the furnace. An electronic 
air filter that will eliminate much 
smaller particles, including pollen, 
can be added to the system at this 
same location. 

The efficiency of any heating de- 
vice is measured by its coefficient of per- 
formance (COP). The COP is the ratio 
of the energy output of a heating de- 
vice to its energy consumption. The 
COP of an electric resistance fur- 
nace, for example, is 1.0, meaning 
that all of the electricity consumed 
to produce heat is returned in the 
form of heat. Airto-air heat pumps 
typically operate in the 3.0 COP 
range when outdoor temperatures 
are above 32°F (0°C), meaning that 
they produce three times as much 
heat as an electric resistance fur- 
nace consuming the same amount 
of energy. There are also water-to-air 
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FIGURE 15.3 

The residential air-to-air heat pump 
extracts heat from outdoor air as cold 

as 32°F (0°C), and this heat is trans- 
ported through refrigerant lines to a heat 
exchanger in the furnace. The com- 
pressor unit shown here is the exterior 
component of a heat pump. The fan 
moves outdoor air across coils containing 
refrigerant to change the temperature of 
the refrigerant. The heat pump can work 
in reverse to cool during warm summer 
months. These units are generally noisy 
and should be located as far as possible 
from outdoor social spaces or bedroom 
windows. (Courtesy of Carrier Corporation) 


heat pumps and ground-source heat 
pumps that have COPs up to 4.0. 
These heat pumps extract heat from 
groundwater or from the ground 
itself. The ground is usually at ap- 
proximately 55°F (13°C), making ita 
practical source for both heating and 
cooling. 

A principal disadvantage of the 
forced-air system is that it is difficult 
to zone because the furnace supplies 
air to the supply ducts at a single 
temperature. Further, the moving air 
makes noise as it passes through the 
ducts, the supply registers, and the 
return grills. In addition, the heat 
of the furnace tends to dry out the 
air as it passes through, and the air 
passing through rooms can create 
drafts. Furniture placement is some- 
what limited by the location of sup- 
ply registers, and the potential for 
heat loss through leaky ductwork is 


FIGURE 15.4 significant. When a forced-air system 
An air-conditioning unit sends cooled refrigerant to a coil in the supply duct that cools incorporates a heat pump, care must 
the circulated air. When heat is called for, it is introduced into the same supply duct be taken to keep the noisy outdoor 
with a heating coil. In this case, heat is from hot water, but electricity or a gas-fired units away from bedroom windows 
burner can also be used. (From Benjamin Stein and John Reynolds, Mechanical and Elec- and other areas where tranquility is 


trical Equipment for Buildings, 9th ed., John Wiley & Sons, Hoboken, New Jersey, 2000) desired. 
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Components of the System 


The central furnace contains two 
principal components—the heating 
element and the fan (Figure 15.5). The 
heating element can operate with a 
variety of fuels, including electricity, 
heating oil, kerosene, natural gas, or 
propane. A cooling element may be 
added in line with the furnace for 
warm summer months. The fan is in- 
variably powered by electricity; thus, 
the system will be inoperable during a 
power failure regardless of the source 
of heating fuel. 

Many central furnaces are de- 
signed to accept the cooling coils of 
a heat pump. In fact, if provisions 
are made for refrigerant lines, it is 
relatively simple to add the outdoor 
unit of the heat pump at a later date. 
However, cooling typically requires a 
higher volume of air than does heat- 
ing, so the ducts need to be sized ac- 
cordingly. 


Planning a Forced-Air 
System 


The location of the furnace has a no- 
table effect on the cost and efficiency 
of a forced-air system. The most im- 
portant considerations are that the 
furnace be centrally located and be- 
accessible for service. The center 
of a basement is an ideal place for a 
furnace because supply ducts can all 
be relatively small and the return- 
air duct can be short because of its 
central position. Many furnaces are 
located in the garage, which is good 
for access but requires longer and 
larger ducts than a central furnace lo- 
cation, so duct heat loss becomes an 
issue. Provided that there is adequate 
height and that the furnace may 
be positioned on its side, the crawl- 
space may also be used to harbor a 
furnace so long as maintenance and 
replacement of the furnace are con- 
sidered. Furnaces may also be located 
in a closet or in the attic. A furnace 
with a combustion-fired heat source 
must be supplied with outdoor air and 
vented to the outdoors to remove the 
byproducts of combustion. The type 


and size of the required vent can play 
a role in the location of the furnace. 

Modern furnaces capable of 
heating a 2500-square-foot house are 
generally 18 to 24 inches square by 
3 to 4 feet long. They are classified 
according to their orientation into 
upflow, downflow, or horizontal units 
(Figure 15.6). Upflow units blow sup- 
ply air from the top of the unit and 
downflow from the bottom. The type 
of unit needs to be matched with its 
position in a house. Upflow units, 
for example, are commonly used in 
a basement, and horizontal units are 
typical in crawlspaces or attics, where 
height is limited. 

Coincident with planning the 
furnace location and of equal impor- 
tance is planning the location of the 
return-air duct. This large duct, which 
draws warm air from the ceiling or 
floor level, must be planned for care- 
fully, especially if it extends between 
floors, because it cannot fit within 
the standard thickness of a wall. (A 
return-air duct for a 2500-square- 
foot house is approximately 10 by 
20 inches.) Too often, this duct is 
not accommodated in the design 
and must be shoehorned in during 
the framing phase of construction. 
In economical forced-air systems, 
the return duct draws from one or 
two central locations in a hallway or 
at the top of a stair (Figure 15.2). In 
this case, the supply air reaches the re- 
turn-air duct by passing under doors 
that have been shortened (undercut) 
at their base to allow for the passage 
of air. For improved air distribu- 
tion, the return duct branches out 
to draw air from each room supplied 
with warm air. 

The main supply duct is approxi- 
mately the same size as the return 
duct as it leaves the furnace, but it 
may branch immediately into two or 
more ducts that are proportionately 
smaller. Planning a route for supply 
ducts to individual rooms is a rea- 
sonably simple task because these 
ducts are small. (A supply duct for 
a bedroom, for example, can gener- 
ally fit within the stud space of a 2 x 
4 wall.) As a rule, it is most efficient 


to locate supply registers in the floor 
below a window. The rising warm air 
from the supply duct will counter- 
act falling cool air from the window 
to reduce air movement across the 
glass, thus reducing heat loss (Fig- 
ure 15.7). In two-story residences, 
supply ducts must rise vertically (on 
an interior wall if possible) to the sec- 
ond floor and often must also travel 
horizontally through a joist space to 
reach their destination. Their route 


Air to system 
warm or cool 


——_———~ 
Cooling 
coil 


Return air 


FIGURE 15.5 

A forced-air furnace. Return air enters at 
the base of the unit, where it is filtered. 
From here, a fan forces the air through 
the elements heated by gas flames and 
through a cooling coil at the top of the 
unit. Units designed for horizontal mount- 
ing are also available. (Courtesy of American 
Furnace Division, Singer Company) 


must be carefully planned in order 
to minimize bends and to avoid struc- 
tural members, plumbing, and other 
possible obstructions. 

Supply (or return) ducts may be 
eliminated altogether by using the 
crawlspace as a plenum. This is accom- 
plished by eliminating ventilation to 
the crawlspace and insulating its walls 
and ground surface while also seal- 
ing it carefully against air infiltration 
and moisture from the ground. The 
warm supply air is then blown directly 
from the furnace into the crawlspace 
and registers are cut into the floor 
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FIGURE 15.6 
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(Figure 15.8). The crawlspace has ef- 
fectively been made into a large sup- 
ply duct. Rooms on upper floors can 
be supplied via ducts running from 
the crawlspace to floor registers. Re- 
turn air is ducted to the furnace as 
it would be in a normal fully ducted 
system. Advantages of this system in- 
clude warm floors on the ground level 
and the elimination of ground-floor 
supply ducts from the heating budget. 
(The savings accrued by not having 
to insulate the joist floor above the 
crawlspace are offset by the need for 
crawlspace wall and floor insulation.) 


BASEMENT (LOW BOY) 


SUPPLY ODUCT 
FLUE CONNECTION: 


FURNACE 
RETURN AIR INTAKE 
HORIZONTAL 


Warm-air furnaces are classified by orientation. Upflow furnaces are most common 
for basements, while downflow furnaces are most common when located on the first 
floor. Horizontal units are used in crawlspaces. (Reprinted by permission from Ramsey/ 
Sleeper, Architectural Graphic Standards, 8th ed., John Ray Hoke, Jn, A.LA., Editor, John 
Wiley & Sons, Hoboken, New Jersey, 1988) 
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(a) (b) 


FIGURE 15.7 

(a) Air cooled by cold glass will fall and 
induce a convective air current ina 
room, which brings more air into contact 
with the cold glass. (b) Heat released by a 
heat source located under a window will 
rise, counteracting the downward flow of 
cold air at the window. This reduces the 
flow of air across the cold glass, thereby 
reducing heat loss. 


FIGURE 15.8 
When using a crawlspace as a supply 
plenum, a downflow furnace delivers 


warm air to the crawlspace, which is 
sealed and insulated. Supply registers in 
the floor of the various rooms control 
the flow of air to the house. Return air is 
collected at the ceiling level and ducted 
back to the furnace. 
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Forced-Air Rough-in 
Construction 


Installation of ducts by the forced-air 
heating contractor is generally sched- 
uled just after the plumber. Both 
plumbing waste lines and _ heating 
ducts are large, but plumbing usually 
takes precedence because its location 
is less flexible and waste lines must 
have a specified slope (Figure 15.9). 
Like plumbers, forced-air heating con- 
tractors will want to complete their 
work in a crawlspace before the sub- 
floor is applied. The remaining duct- 
work is installed later, after the framing 
has been completed. If the house has 
a basement (and thus good access to 
the area under the first floor), all the 
ductwork will likely be installed at one 
time after the roof has been dried in. 
Large ducts are customarily fabri- 
cated in the heating subcontractor’s 
shop. Made of sheet metal lined with 
sound-absorbing insulation or with 
insulated fiberglass duct board, these 
fabricated items typically include 
trunk ducts such as return-air ducts 
and main supply ducts and adapters to 
fit the central supply and return duct- 
ing to the furnace. Premanufactured 
fittings are available to the heating 
subcontractor, including branch duct 
adapters such as angles, elbows, and 
transitions from rectangular to round 
and boot fittings for the termination of 
ducts at the room (Figure 15.11). 
Between the main supply duct 
and the boots are the smaller branch 
ducts. The most common material 
for these ducts is flex-duct, a flexible 
tube made of insulation wrapped 
around coiled wire and sandwiched 
between layers of plastic. Although 
most heating and cooling contractors 
like to use flexible duct, rigid ducts 
are preferred because they have 
smooth walls that allow the air to 
flow efficiently, without turbulence. 
Also, flexible duct is too tempting to 
crimp to solve a clearance problem. 
Rigid branch ducts are connected 
to the main supply duct and to the 
boot with sheet metal screws and 
sealed with duct tape. Flexible ducts 


FIGURE 15.9 

Both plumbing pipes and 
heating ducts are installed after 
the framing of a house but 
before finish materials are in 
place. The plumber is typically 
scheduled before the heating/ 
cooling contractor because of 
the limited number of ways 
drain and waste piping can be 
installed. Good communication 
among the framer, the plumber, 
and the heating contractor 

is essential during this phase 

of construction to make 

their jobs run efficiently. 

(Photo by Rob Thallon) 


FIGURE 15.10 
A heating contractor specializing in forced-air systems typically has a sheet metal shop 


where customized ductwork is manufactured. Many standard fittings and ducts are 
also kept in stock. (Photo by John Arnold) 
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are both connected and sealed with 
duct tape. When return-air ducting ex- 
tends to individual rooms, boots and 
flex-duct are used here also. 

The heating contractor installs 
the largest components of the sys- 
tem first. The largest ducts are sup- 
ported by sheet metal straps, which 
are nailed or screwed to the framing. 
The furnace is best supported on a 
concrete pad on the ground because 
this minimizes the transfer of fan vi- 
brations to the framing. When the 
framing supports the furnace, rubber 
Ons o-60 I-S H-Sso vibration dampers should be located 
between furnace and framing. In all 
cases, isolation of the furnace from 
the ducts by means of a flexible con- 
nection is recommended to minimize 
noise and vibration. Gas furnaces 
should be tied down to minimize cat- 
astrophic earthquake damage. 


FIGURE 15.11 

In the best forced-air systems, trunk ducts are reduced in size in relationship to the 
volume of air that they carry. Both supply and return ducts are largest at the furnace. 
Premanufactured boot fittings are at the ends of ducts where they enter or leave 

a room. 


FIGURE 15.12 

The installation of this warm-air fur- 
nace and air-conditioning unit has been 
completed. The white polyvinyl chloride 
(PVC) pipe running vertically from the 
top of the furnace carries the exhaust 
gases to the outside. The ductwork to the 
left carries conditioned air to three dif- 
ferent zones. (Photo by Greg Thomson) 
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FIGURE 15.13 

The radiant heating system in this two-story house uses hydronic tubes in the floor. 
There are four zones—two upstairs and two downstairs—each heating about a 
250-square-foot (23-m”) area. The water is heated in a boiler and pumped through a 
supply manifold to each of the four zones. The warmest water is routed first to the pe- 
rimeter of each zone. After passing through the floor and losing heat, the water passes 
through a return manifold to the boiler. Zones can be controlled independently, each 
with a thermostat connected to a valve at the supply manifold. 


of radiant panel heating is the radi- 
ant floor—a form of which was de- 
veloped over 2000 years ago by the 


RADIANT PANEL 
SYSTEMS 


Radiant panel heating, introduced 
into house construction in the 
1920s, heats spaces by producing 
large heated surfaces (floors, walls, 
or ceilings) that radiate heat to oth- 
er surfaces, objects, and people in 
the space. The most common form 


early Romans. Radiant floors were 
popular in the 1950s, when they were 
used extensively in single-story tract 
houses. Interest in radiant floors 
waned as the joints in the copper or 
wrought iron hot water pipes embed- 
ded in the slabs began to fail due to 


corrosion caused by impurities in 
the water. However, there has been 
a dramatic resurgence of interest in 
radiant panel systems recently with 
the introduction of noncorrosive 
flexible plastic tubing, which allows 
piping to be placed in long, continu- 
ous runs without joints. 

Radiant heating panels operate 
by emitting heat in the form of infra- 
red waves that pass through the air 
without heating it and are absorbed 
by solid objects that are within “view” 
of the radiant source (Figure 15.13). 
A fire, the simplest example of a radi- 
ant source, heats our bodies, our fur- 
niture, and the surfaces of our rooms 
without directly heating the air in the 
space. The air is ultimately heated in- 
directly, however, as it passes over the 
warm surfaces. A radiant floor oper- 
ates like a fire except that the heat is 
spread over a much larger area at a 
much lower temperature. 

The advantages of radiant panel 
systems are numerous as long as it is 
the floor and not the ceiling that is 
heated. The comfort of radiant sys- 
tems is mentioned most frequently 
by those who have experienced them. 
Radiant floor systems keep the feet 
warm while the air within a room re- 
mains cool and fresh. Stratification 
of heated air caused by the natural 
tendency of warm air to rise is neg- 
ligible with radiant panels because 
the air is not heated directly. In addi- 
tion, because radiant heat is absorbed 
directly by the body, radiant systems 
can operate at air temperatures 6 to 
8°F (3 to 4°C) lower than those of 
convective systems. Radiant heating 
systems are more easily zoned than 
forced-air systems, adding both com- 
fort and efficiency. When the energy- 
saving features of radiant panels 
mentioned previously are combined 
with the facts that glass (especially 
low-e glass) reflects radiant heat back 
into the building and air infiltration 
is reduced due to lower operating 
temperatures, an overall reduction 
in heat loads of 15 to 20 percent can 
sometimes be achieved with radiant 
panel systems. 


There are architectural bene- 
fits of radiant panel systems as well. 
The panels are essentially invisible— 
buried within the floors, ceilings, or 
walls of a space—so that no registers, 
grills, radiators, or baseboards are 
visible (Figure 15.14). There is also 
more flexibility in the placement of 
furniture because there are no local- 
ized heat sources to obstruct. Finally, 
the systems are silent, eliminating the 
sounds of moving air or expanding 
metal that occur with other common 


systems. 


The primary disadvantage of ra- 
diant panel systems is that it is diffi- 
cult and expensive to include a cool- 
ing option. Coupled with the fact that 
the initial cost of the basic system is of- 
ten higher than that of a comparable 
forced-air system, the need for cool- 
ing often leads potential clients away 
from a radiant panel system. However, 
hybrid systems with radiant panel 
heat and a simple centralized cooling 
system are not uncommon. Another 
disadvantage is the fact that radiant 
systems have a slow response to ther- 
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mostatic changes compared to other 
systems. Radiant systems are therefore 
recommended for situations that de- 
mand a reasonably constant tempera- 
ture and are not affected by sudden 
exterior temperature swings. 


Types of Radiant 
Panel Systems 


There are two basic methods of sup- 
plying heat to radiant panel systems— 
electric heating cables and (hot water) 
hydronic tubing. The most common 
installations for new construction are 
hydronic floors. Electric radiant ceil- 
ing systems were recently popular for 
low-cost work, but today electric ra- 
diant panels are primarily employed 
in floors for remodeling work. Both 
electric and hydronic systems can 
be used in walls, but this is uncom- 
mon, primarily because occupants 
frequently drive nails and screws 
into walls to hang pictures and other 
items. Radiant ceilings are also highly 
susceptible to damage by remodelers 
or owners unaware of cables just be- 
neath the surface. 

Hydronic floor systems may be 
located in either a concrete slab on 
grade or a wood-framed floor (Fig- 
ure 15.15). For a slab-on-grade in- 
stallation, tubing carrying the hot 
water is positioned in the slab itself— 
about 2 inches below the surface. For 
framed floors, the tubing may be lo- 
cated either above the subfloor or be- 
low it. When above the subfloor, the 
hydronic tubes are typically installed 
in what is called a thin slab. Here, the 
tubes are stapled to the subflooring 
and covered with a thin layer of light- 
weight concrete or gypsum. When 


FIGURE 15.14 

One advantage of radiant floor heating 
is that there are no registers or radia- 
tors to limit the placement of furniture. 
A staple-up system was installed in this 
house without any adjustments to the 
framing, and maple was employed as 

a finish flooring. (Courtesy of The Energy 
Service Company, Eugene, Oregon) 
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(a) SLAB ON GRADE 


FIGURE 15.15 


Radiant 
tubing 


Thin slab 


Subfloor 


Batt insulation 


(b) THIN SLAB 


Radiant 
tubing 


Subfloor 


Foil-faced 
batt insulation 


(c) STAPLE-UP 


Three hydronic radiant floor systems. (a) Radiant tubes are embedded in a concrete slab on grade. (b) Radiant tubes are fastened to 
the top of a subfloor and covered with lightweight concrete or gypsum. (c) Radiant tubes are stapled up to the underside of a subfloor. 


below the subfloor, the tubes are fas- 
tened to the underside of the subfloor 
with clips or within aluminum plates. 
This is called a staple-up application. 
In all framed floor applications, a lay- 
er of foil-faced insulation is installed 
below the subfloor to prevent heat 
from escaping downward. In all cases, 
the radiant floor may be covered with 


a finish floor of tile, wood, resilient 
flooring, or even some carpets with 
low insulative values. The thinner and 
denser the finish floor, the better. 
Ceiling systems are economical 
but suffer from the fact that warm air 
rises and tends to stratify at the ceiling 
where the heat source lies, so there is 
no natural convection loop, as there 


FIGURE 15.16 

Hydronic tubes for a 3-inch thin-slab 
system are fastened with plastic ties to re- 
inforcing mesh at approximately 9 inches 
on center. The mesh will be supported 

1 inch above the subfloor just before the 
concrete is poured. (Photo by Rob Thallon) 


is in a radiant floor system. Radiant 
ceiling panel systems constructed with 
electric resistance cables stapled to 
the underside of drywall and then 
covered with plaster used to be com- 
mon but are now rare. Radiant elec- 
tric cables and mats for use on floors 
are now available and are often used 
in remodeling work because their 
thin profile allows the buildup over 
existing floors to be minimal. 


Radiant Rough-in 
Construction 


The radiant slab is the most economi- 
cal of all radiant panel systems and 
the most easily integrated with stan- 
dard residential construction. The 
cross-linked polyethylene (PEX) tubing 
that distributes the hot water in the 
slab is simply wired to reinforcing 
steel located just below the surface of 


the slab (Figure 15.16). Perimeter in- 
sulation will likely need to be thicker 
than that required for a nonradiant 
slab and will need to extend at least 
4 feet (1.2 m) into the building. Insu- 
lation under the entire slab is recom- 
mended to reduce the response (lag) 
time of the floor and where ground- 
water or conductive soils would con- 
tinuously siphon off the heat of the 
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FIGURE 15.17 
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floor. This increase in the amount of 
insulation material does not require 
a scheduling adjustment or the addi- 
tion of a subcontractor. 

For framed floors, the staple-up 
method is least disruptive of standard 
construction practice. Aside from 


taking precautions not to nail down 
through the PEX tubing, the general 
contractor needs to make very few 


A Vail 


A thin-slab hydronic tube installation before the installation of poured gypsum. A 


polyethylene sheet has been installed on the subfloor to contain the moisture from the 


poured gypsum. (Courtesy of The Energy Service Company, Eugene, Oregon) 


FIGURE 15.18 
A typical radiant hydronic system heater and controls. In this case, the water is heated by 


a factory-installed heat exchanger within the water heater. The heated water is pumped 


through the two upper manifolds with zone valves to 10 separate zones in the house. 
The water returns to the heater through the two lower manifolds. (Photo by Rob Thallon) 


adjustments. Although not the easiest 
installation for the radiant heating 
contractor, the system is reasonably 
straightforward if there is good ac- 
cess to the underside of the floor and 
floor construction is not cluttered 
with closely spaced joists or excessive 
blocking. 

The thin-slab system is simplest 
for the radiant heating subcontractor, 
but for the general contractor it rep- 
resents a number of complications to 
the construction process. First, it re- 
quires the installation of double sole 
plates to provide a continuous edge 
for the slab. The construction sched- 
ule will have to be adjusted to allow 
the slab to be poured and to cure, and 
it may take weeks before the moisture 
from the wet concrete has stabilized 
such that flooring or cabinets may be 
installed on it (Figure 15.17). 

The boiler and control valves for 
hydronic systems are often mounted 
on a wall and cannot be installed until 
the wall has been covered with gyp- 
sum wallboard, which is a late stage of 
construction. The boiler supplies hot 
water to manifolds that, in turn, con- 
nect the loops of tubing for each zone. 
(For small areas, a standard water 
heater can serve as a heat source, but 
heating tubes operate under 60 psi in 
this case instead of 20 psi.) Zone valves 
controlled by thermostats in each 
zone control the flow of hot water to 
the manifolds and, ultimately, to each 
zone (Figure 15.18). All hydronic 
tubes must be pressure tested and 
inspected before they are covered by 
concrete or other construction. 

For electric heating cables, the 
timing of the installation is similar to 
that of hydronic systems. Cables are 
stapled and/or taped on 15-pound 
felt laid on the subfloor for floor 
applications. These floor cables are 
then covered with 1% inches (40 mm) 
of lightweight concrete similar to 
that used in the thin-slab system for 
hydronic tubes. For electric radi- 
ant ceilings, the cables are stapled 
up to the gypsum wallboard ceiling 
and are then covered with plaster or 
sprayed texture. 
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FIGURE 15.19 

The hydronic baseboard heating system in this two-story house uses fin-tube convec- 
tors located in each room of the house. There are four zones—two upstairs and two 
downstairs. Water is heated in a central boiler and pumped through insulated pipes to 
each of the four zones. The flow through each convector can be controlled to adjust 
the temperature in each room. After losing heat to the convectors, the water returns to 
the boiler to be reheated. 


H" PANEL RADIATOR 


HYDRONIC 
HEATING SYSTEMS 


In hydronic heating systems, a central 
boiler and circulating pumps sup- 
ply hot water to /in-tube convectors, 
which are horizontal pipes fitted with 
closely spaced vertical aluminum fins 
and mounted in a simple metal en- 
closure with inlet louvers below and 
outlet louvers above (Figure 15.19). 
The most common form of convec- 
tor is the baseboard convector, which is 
designed to replace wood baseboards 
around the perimeters of rooms (Fig- 
ures 15.21 and 15.22). The heated 
fins set up convection currents that 
draw cool room air into the enclosure 
from below, heat it, and discharge the 
warm air out the top. Instead of base- 
board units, fan-coil units may be used. 
A fan-coil unit is a compact sheet 
metal housing with a coil of hot water 
piping inside and a small electric fan 
to blow room air past the coil. Such 
units furnish relatively large amounts 
of heat from a small fixture, which 
makes them especially useful in kitch- 
ens, bathrooms, and other rooms 
where there may not be enough base- 
board length available to supply the 
required amount of heat. They are 
available in several basic forms, in- 
cluding wall-mounted cabinets and 
flat units that may be recessed in the 
toe space of a base cabinet in kitchens 
or bathrooms. 

Hydronic baseboard systems are 
quiet and efficient and provide excel- 
lent wintertime comfort. They are easy 
to zone, using separate thermostats in 
different parts of the house to control 
either zone pumps or zone valves at 


FIGURE 15.20 

Hydronic heat sources come in many 
shapes and sizes. (Reprinted by permis- 
sion from Ramsey/Sleeper, Architectural 
Graphic Standards, 10th ed., John 
Ray Hoke, Jr, AJA., Editor, John Wiley 
& Sons, Hoboken, New Jersey, 2000. 

© 2000 by John Wiley & Sons) 
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FIGURE 15.21 

A baseboard heater works primarily by 
heating local air. The heated air rises, creat- 
ing convection currents that circulate heat 
throughout the room. Some heat is also 
transmitted by direct radiation from the 
heated surface of the convector enclosure. 


the boiler. Their chief disadvantage is 
their inability to provide summertime 
cooling or dehumidification. Also, 
baseboard convectors can interfere 
with furniture placement. 


LOCAL SOURCE HEATERS 


There are a number of heating 
devices that produce heat or cool lo- 
cally, independent of a central system 
or boiler. These devices are called 
local source heaters and include base- 
board heaters, wall heaters, in-floor 
heaters, through-the-wall air con- 
ditioners and heat pumps, radiant 
stoves, and fireplace heaters. They 
heat and/or cool by means of radia- 
tion (radiant stoves), convection (wall 
heaters and through-the-wall units), 
or a combination of the two (electric 
baseboard heaters). A wide variety of 
fuels, including electricity, natural 
gas, heating oil, and wood, operate 
these appliances. Because they are 
not connected to a central source of 
heat, they act independently to heat 
one room at a time. 
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FIGURE 15.22 


The best place to locate a baseboard heater is under a 


window, where heat rising from the unit will counteract the 


flow of cold air adjacent to the glass. (Photo courtesy of Cadet 


Manufacturing) 


The advantage of having a heating 
device with its own thermostat in each 
room is that the temperatures of the 
various rooms may be controlled inde- 
pendently. Parts of the house such as 
bedrooms that are used only occasion- 
ally can be heated to a lower tempera- 
ture, and considerable energy savings 
can be realized overall. Other rooms 
used for specialized purposes can have 
individualized settings. This kind of 
zoning can be provided by other types 
of heating systems (radiant panels), 
but not usually with the ease or the 
economy afforded by direct source 
heaters. Especially in superinsulated 
and passive solar houses, direct source 
heaters can be the most efficient long- 
term way to provide heat. 

The most common local source 
heater is the ubiquitous electric base- 
board heater. These heaters are ex- 


tremely popular even where electric- 
ity rates are high because they are the 
least expensive to install of all types 
of heating devices. They heat with 
a combination of direct radiation 
and convection, which is induced 
by openings at the top and base of 
the device. Warm air rising from the 
baseboard heater is replaced by cool- 
er air that is allowed to flow in at the 
bottom. Fins that enlarge the heated 
area over which the convection cur- 
rent passes enhance this induced 
convection current (Figure 15.21). 
The convection loop from electric 
baseboard heaters can counteract 
the cool air falling from windows. 
This is why these heaters are located 
below windows when practical (Fig- 
ure 15.22). 

Local source heaters located in 
walls are also common. These devices, 
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FIGURE 15.23 

An electric wall heater warms by convection as 
a small fan forces air over a heated electric ele- 
ment and out into the room. Most electric wall 
heaters are designed to fit within a framed wall 
cavity, so it is best to avoid locating them in 
exterior insulated walls because their presence 
would interrupt the insulation. (Photo courtesy of 
Cadet Manufacturing) 
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FIGURE 15.24 
A self-contained through-the-wall air 
conditioner works on the same principles 
as a larger air conditioner, but the cold 
air is discharged into the room on the 
wall directly opposite the condenser. 
(From Benjamin Stein, John Reynolds, Walter 
Grondzik, and Alison Kwok Mechanical 
and Electrical Equipment for Buildings, 
10th ed., John Wiley & Sons, Hoboken, New 
Jersey, 2006) 


FIGURE 15.25 

A through-the-wall air conditioner 
that mounts permanently to the wall. 
This type of unit is designed to cool 
an individual room. (Courtesy of Carrier 
Corporation) 


called wall heaters, generally have a 
fan-forced convection air current to 
distribute the heat (Figure 15.23). 
The most prevalent fuel sources for 
these heaters are electricity, natural 
gas, or propane—all of which are eas- 
ily distributed to the heating devices. 
Most combustion-type primary heat- 
ers (all except electrically powered) 
must be vented to the exterior of the 
building, which can add considerably 
to the installation cost. Wall-mounted 
air-conditioning units are also com- 
mon (Figure 15.24), and in-floor 
heaters similar to the wall heaters are 
also available. 

Another type of local source 
heater is the freestanding radiant 
stove. Descendants of wood- or coal- 
fired potbelly stoves, these devices 
now operate on almost every variety 
of heating fuel. Common fuels in- 
clude natural gas, propane, heating 
oil, and wood. Advantages of the 
freestanding stove are that the radi- 
ant source can be closer to the center 
of a room where it is most effective 
and that the stoves themselves are of- 
ten quite handsome—revealing the 
soothing warmth of a flame inside 
(Figure 15.26). For wood-burning 
stoves, advantages include the low 
cost of fuel, but there are disadvan- 
tages of the mess (bark, sawdust, in- 
sects, and ashes), the effort of tend- 
ing the fire, and the increased air 
pollution. All radiant stoves take up 


FIGURE 15.26 

A freestanding radiant stove that uses 
propane as a fuel. The flue pipe is a 
double chamber that vents combustion 
gases to the outside and provides com- 
bustion air for the fire. Clearances from 
this appliance to combustible surfaces 
are stipulated by the manufacturer based 
on code-approved testing. (Courtesy of 
Midgley’s, Eugene, Oregon) 
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floor space, and because they involve 
combustion, most must be vented 
to the exterior. Radiant stoves and 
fireplaces are discussed further in 
Chapter 18. 

Disadvantages of local source 
heaters are that they take up space 
and can make furniture placement 
difficult. Electric baseboard heaters 
cannot have furniture placed against 
them because of fire danger, and ra- 
diant stoves also require clearances 
from combustible materials. Injuries 
can also occur from contact with hot 
stoves. 


Installation of Local Source 
Heating Devices 


With the exception of electric heat- 
ers, which are usually installed by an 
electrician, local source heaters are 
installed by a specialized heating con- 
tractor affiliated with the vendor or 
by the general contractor. Most heat- 
ers may be installed once the house 
is dried in (tight to the weather), but 
often the installation will be delayed 
in order to coordinate with finishing 
operations. When the heating ap- 
pliance serves as the sole source of 
heat, it is installed as early as possible 
in cold climates in order to furnish 
comfortable working conditions, to 
provide a stable environment for fin- 
ish materials, and to promote drying 
of plaster and paint. 


FINISHING A HEATING / 
COOLING SYSTEM 


The equipment for most heating/ 
cooling systems is installed during 
the rough-in phase of construction. 
This includes the furnace, the heat 
pump, and all the ducts in forced-air 
systems. For radiant systems, equip- 
ment to be installed would include 
the boiler, the valves, the tubing, and 
all the insulation. Heat-resistant wires 
would be installed for electric radi- 
ant panel systems. Local source heat- 
ers, depending on their type, may be 


installed at the rough-in phase or the 
finish phase. 

To complete the installation of 
a heating system, the registers, grills, 
convector covers, and_ thermostat(s) 
must be installed, and the system 
must be balanced. This is done by the 
heating contractor during the fin- 
ish phase of construction. It is com- 
mon practice to provide a temporary 
thermostat during construction be- 
cause the permanent thermostat is 
a sensitive instrument that tends to 
get clogged with dust and sprayed 
with paint if installed at the same 
time as the equipment it controls. 
The temporary thermostat provides 
crude control over the system for the 
purpose of controlling temperature 
during construction. 

Centralized systems usually need 
to be balanced once construction has 
been completed. This is best done 
after the users of the space have had 
a chance to experience the system. 
It is daily use that will indicate if a 
particular room or part of a room is 
too warm or too cool. In forced-air 
systems, balancing consists of adjust- 
ing airflow through each supply reg- 
ister. This can be accomplished by 
adjusting fan speed at the furnace, 
by adjusting air volume dampers in the 
ducts, or by adjusting the openings 
at the supply registers. In hydronic 
radiant systems, balancing is accom- 
plished by adjusting the flow of water 
through each zone by means of bal- 
ancng valves. 


HEATING AND COOLING 
SYSTEMS AND THE 
BUILDING CODES 


The 2009 International Residen- 
tial Code (IRC) devotes 13 chapters 
and one-sixth of its pages to heating 
and cooling systems. The code relies 
heavily on approved testing agen- 
cies such as the American National 
Standards Institute (ANSI) and Un- 
derwriters Laboratories to provide 
specifications for the installation of 


equipment. The chapters in the IRC 
are based on the International Me- 
chanical Code and the International 
Fuel Gas Code, both of which are cit- 
ed as references for equipment and 
systems not addressed in the IRC. 

The IRC requires minimum 
clearances to equipment for inspec- 
tion, service, repair, and replace- 
ment. It also specifies minimum 
distances from equipment to combus- 
tible materials and requires that the 
equipment be labeled with the manu- 
facturer’s name, the model number, 
the serial number, and the approved 
testing agency. Each type of equip- 
ment must be labeled with informa- 
tion about its capacity, its output, and 
required clearances. Fuel-burning 
units, for example, must list hourly 
rating in British thermal units (Btu) / 
hour, type of approved fuel, and re- 
quired clearances. 


GREEN STRATEGIES FOR 
HEATING AND COOLING 
BUILDINGS 


e An effective strategy for heating 
and cooling begins with a building 
design and a site design that are re- 
sponsive to the climate. For example, 
in cold northern climates with plenty 
of sunshine, it is best to place the 
building on a wind-sheltered part of 
the site with full exposure to winter 
sunlight. Shade trees are desirable if 
they shade the building in the sum- 
mer but not in the winter. 


¢ Orientation of the building is im- 
portant. In climates with cold winters, 
the long side of the building and the 
major windows should face as near 
due south as possible. South-facing 
windows have maximum solar heat 
gain in winter and minimum in sum- 
mer. East- and west-facing windows 
should be shaded because they have 
maximum heat gains in summer and 
minimum gains in winter. 


e South-facing windows will have al- 
most no summer heat gain if they are 


provided with properly proportioned 
horizontal sunshades or roof over- 
hangs above. Heat from the low winter 
sun, which is desirable, will enter the 
windows under these sunshades. 


¢ To maximize the benefits of winter 
sun, dense materials such as concrete 
should be located within the house 
such that the sun shines directly on 
them. These materials, referred to as 
thermal mass, will absorb the heat of 
the sun, store it, and release it slowly 
into the space. 


e Thermal insulation with high R- 
values should be used to minimize 
heating and cooling loads. 


¢ Because windows are so important 
to the overall thermal performance 
of a building, the best available win- 
dows with a high R-value and a low 
solar heat gain coefficient should be 
used. 


¢ To minimize heat losses and gains, 
the building should be as airtight as 
possible. 


e After designing a building with 
a minimal demand for mechanical 
heating and/or cooling, provide the 


needed residual heating and cooling 
with the most efficient heating and 
cooling equipment. 

¢ In regions where outdoor tem- 
peratures seldom dip below freezing, 
electric heat pumps are economical. 
By extracting heat from the outdoor 
air, a heat pump can release several 
times as much heat into the building 
as the heat value of the electricity it 
consumes. Averaged over the heating 
season, heat pumps should produce 
at least twice as much heat as the heat 
content of the electricity they use. 
During the cooling season, this ratio 
should be about 10. 


¢ Ground source heat pumps are 
more costly to install than air source 
pumps, but they easily produce four 
times as much heat as the heat con- 
tent of the electricity that they use. 
They are also much more efficient 
during the cooling season. 


¢ Gas or oil furnaces or boilers 
should have efficiencies of 90 percent 
or more in converting fuel to usable 
heat. These devices generally do not 
need chimneys because their exhaust 
is cool and clean and is discharged via 
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a plastic pipe through the side wall of 
the building. 


¢ Fuel-burning furnaces and boilers 
should have combustion air intakes 
that bring air directly from outdoors. 
This avoids using heated or cooled in- 
door air for combustion. 


e Electric resistance heating devices 
have a low first cost but are costly to 
operate except in areas served by hy- 
droelectric power. Electricity is turned 
into heat within the building at an effi- 
ciency of 100 percent. Because of loss- 
es in boilers, generators, and transmis- 
sion lines, the efficiency of generating 
and transmitting electricity is only 35 
to 40 percent. Although electric gen- 
erating plants have state-of-the-art 
pollution control devices, they still dis- 
charge unwanted heat into waterways 
and pollutants into the atmosphere. 
This means that “clean” electric resis- 
tance heat does more damage to the 
environment than heat produced by 
burning fossil fuels in the building. 


e Annual maintenance of heating 
and cooling equipment is needed to 
keep it working safely and at maxi- 
mum efficiency. 
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C.S.1./C.S.C. 
MasterFormat Section Numbers for Heating and Cooling 


23 00 00 


23 07 00 
23 09 00 
23 20 00 
23 30 00 
23 40 00 
23 50 00 
23 52 00 
23 54 00 
23 56 00 
23 60 00 
23 70 00 
23 72 00 
23 80 00 
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1. Bobenhausen, William. Simplified Design 
of HVAC Systems. Hoboken, NJ: John Wiley 
& Sons, 1994. 

Starting with a practical overview of what 
to consider, this book describes the theory 
and concepts of HVAC design. There are 
chapters on warm-air systems, hot water 
systems, and cooling systems—all with an 
emphasis on sizing of the system. 


HEATING, VENTILATING, AND AIR-CONDITIONING (HVAC) 


HVAC Insulation 

Instrumentation and Control for HVAC 
HVAC Piping and Pumps 

HVAC Air Distribution 

HVAC Air Cleaning Devices 

Central Heating Equipment 

Heating Boilers 

Furnaces 

Solar Energy Heating Equipment 
Central Cooling Equipment 
Centralized HVAC Equipment 
Air-to-Air Energy Recovery Equipment 
Decentralized HVAC Equipment 


2. Stein, Benjamin; Reynolds, John; 
Grondzik, Walter; and Kwok, Alison. Me- 
chanical and Electrical Equipment for Build- 
ings (10th ed.). Hoboken, NJ: John Wiley 
& Sons, 2006. 

Chapter 7 of this monumental work con- 
tains an excellent explanation of both the 
principles behind heating and cooling 


systems and the details of their design and 
operation. 

3. In Chapter 6 of Builder’s Guide, which is 
reference 1 in Chapter 17, there is a good 
discussion of the principles of heating 
and cooling with an emphasis on environ- 
mental responsibility. 


Key TERMs AND CONCEPTS 


HVAC systems 

life-cycle cost 

convection 

radiation 

heating zones 

convector 

forced-air heating system 
central furnace 

supply duct 

return-air duct 

heat pump 

air conditioner 
humidifier 

dehumidifier 

electronic air filter 
coefficient of performance (COP) 
heating element 


REVIEW QUESTIONS 


1. What are the differences between a 
central forced-air fuel-burning furnace 
and a forced-air heat pump system? 

2. Explain why a hydronic radiant floor 
system is more practical than a forced-air 
system for a single-story house built on 
a slab on grade. What other heating sys- 
tems are practical for this type of foun- 
dation? 


EXERCISES 


1. Call a local heating contractor and try 
to determine the relative percentages of 
the various types of heating and cooling 
systems installed in new houses in your 
area. What do you suppose are the prin- 
cipal reasons for the percentage break- 
down? 


fan 

upflow furnace 
downflow furnace 
main supply duct 
crawlspace plenum 
duct board 

trunk duct 

duct adapter 

boot fitting 

branch duct 
flex-duct 

duct tape 

radiant panel 

radiant floor 

electric heating cable 
hydronic tubing 
thin-slab radiant floor 


3. What are the advantages and disadvan- 
tages of using a crawlspace as a supply ple- 
num for a forced-air system? 


4. Discuss the advantages of zoning for a 
heating system. 

5. Explain in detail the differences be- 
tween a hydronic radiant panel system 
and a hydronic baseboard system. 


2. Call a local architect with a reputation 
for incorporating passive solar heating 
and/or cooling into residential designs. 
Try to elicit a list of principles that can be 
applied in your geographical area. 
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staple-up radiant floor 
radiant ceiling panel 
cross-linked polyethylene (PEX) tubing 
hydronic heating system 
fin-tube convector 
baseboard convector 
fan-coil unit 

local source heaters 
electric baseboard heater 
wall heater 

radiant stove 

register 

thermostat 

system balancing 

air volume damper 
balancing valve 

thermal mass 


6. Discuss the reasons for selecting a thin- 
slab radiant floor as opposed to a staple- 
up radiant floor. 


3. Visit the site of a house under construc- 
tion and make a diagram of the heating/ 
cooling system. Compare this system with 
other systems studied by your classmates. 
What components of the system were not 
yet installed when you visited the site? 


Wiring Basics 
How Electricity Works 
Wiring Materials 


Electrical System Design 


The Electrical Plan 
Planning the Circuits 


Rough-in Electrical 
Installation 

Setting the Boxes 
Running the Cable 
Making Up the Boxes 
Rough Inspection 


e Finish Electrical 


General-Purpose and Appliance 
Circuits 

Equipment Circuits 

Final Inspection 


¢ Electrical Wiring and 


the Building Codes 


¢ Low-Voltage Wiring 
¢ Building Green with 


Electrical Systems 


ELECTRICAL WIRING 
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commonplace in some regions. 


WIRING BASICS 


How Electricity Works 


Electricity is the flow of electrons 
through a conductor. Because it can- 
not be seen, it is best described with 
the analogy of water under pressure 
in a hose. When the pressure or the 
hose diameter is increased, more 
water will pass through the hose, thus 
creating more force (power) as the 
water exits the end of the hose. An 
electrical system works similarly, with 
wire substituting for the hose and 
electrons for the water. In an electri- 
cal system, the pressure is called volt- 
age (V), the flow of electrons is called 
current (I), and the restriction to flow 
is resistance (R). The relationship 
among these three elements can be 
expressed in a basic equation called 
Ohm’s law, V= IR. With a constant volt- 
age, less resistance (a larger-diameter 
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FIGURE 16.1 

In the simplest circuit, direct current 
(DC) flows in a loop, starting from a 
source (battery), through wires to a device 
(light bulb), and back to the source. 
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wire) will produce a greater current. 
Current is measured in amperes, com- 
monly referred to as amps. 

A flashlight is an example of the 
simplest electrical system and can be 
represented by a battery connected 
with wires to a light (Figure 16.1). 
Electrical current flows in one direc- 
tion through the wires from the bat- 
tery through the light and back to the 
battery. When either piece of wire is 
disconnected, the circuit is broken, 
the electricity ceases to flow, and the 
light stops glowing. The electricity 
now exists only as potential (voltage) 
within the battery. The power (P) pro- 
duced at the electrical device (the 
light bulb in this example) when the 
current is flowing is the product of 
the current and the voltage, P = VI. 
This type of system, with a current 
that flows constantly and in one di- 
rection, is called direct current (DC). 

The alternating-current (AC) sys- 
tem used to power buildings is not as 
simple as direct current. Alternating 
current in North America is driven 
by voltage that fluctuates between 
the positive and the negative at a 
rate of 60 cycles per second (the rate 
varies among different regions of the 
world) (Figure 16.2). The reason we 
use alternating current is that its volt- 
age is easily increased or decreased 
with transformers. Electricity is trans- 
mitted most efficiently over long 
distances by wiring at as high a volt- 
age and as low an amperage as pos- 
sible. Thus, high voltage originating 
at the power plant can pass through 
long transmission lines with minimal 


Although we take it for granted, electricity has been an important part of people’s lives for little 
over a century. In the 1890s, when electricity was first being introduced into the home, light fixtures 
were designed to operate on either gas or electricity because of the unreliability of electric power. 
Now virtually every appliance and apparatus in the house operates on electricity. Houses are so 
reliant on electricity that backup generators to supply energy during the occasional power outage are 


voltage drop (power loss) and then 
be stepped down with a transformer 
to lower, safer voltage when it reach- 
es its destination (Figures 16.3 and 
16.4). As it enters the house, electri- 
cal power is rated as 110/220 V AC. 
This means that it is alternating cur- 
rent that can be used at either 110 or 
220 volts. 

Residential voltage actually var- 
ies from region to region, depending 
on the electrical utility company. East 
Coast voltage is generally 110/220 V 
or 115/230 V, while West Coast utili- 
ties deliver power closer to 120/240 
V. In addition, voltage fluctuates lo- 
cally throughout the day; voltage to 
a residence might range from 118 to 
122 V, for example. 

There are three wires that carry 
the electricity to a house—two hot 
wires and one neutral wire. Assuming a 
110/220-V system, the hot wires each 
carry 110 volts, and the neutral wire 
provides the return path to complete 
the circuit. The potential between ei- 
ther of the hot wires and the neutral 
wire is 110 volts. The potential be- 
tween the two hot wires is 220 volts 
(Figure 16.5). This high potential 
between the two hot wires is possible 
because the two are 180 degrees out 
of phase so that while one is positive, 
the other is negative (Figure 16.6). 

The three wires (two hot, one 
neutral) enter the house through a 
service entrance and typically pass first 
through a meter base that holds the 
meter to measure power usage. From 
the meter base, the wires are routed 
to the main panel, called a panelboard 
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FIGURE 16.2 


Alternating current (AC) cycles in a sine curve from positive to negative and back 
again at a rate of 60 cycles per second. The graph shows one cycle in which the 
voltage reaches both positive and negative peaks of 170 volts (positive and negative) 


but averages 110 volts. 


FIGURE 16.3 


Electric substations such as this use step-down transformers to convert very high 


FIGURE 16.4 

Typical local transmission lines carry 
direct-current voltage of several thousand 
volts that is converted with a transformer 
to 110/220 V AC. Communication lines 
are often strung between the same poles. 


voltage from long-distance transmission lines to a few thousand volts for distribution (Photo by Rob Thallon) 


to residential neighborhoods. (Photo by Rob Thallon) 


FIGURE 16.5 

The voltage between each hot wire and 
the neutral wire is 120 volts. Because 
the sine curves of the hot wires are out 
of phase (Figure 16.6), the potential 
between these two wires is 240 volts. 
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FIGURE 16.6 


In a 110/220 V AC electrical system, the two hot wires are 
out of phase so that the average potential between them is 
240 volts. The potential between each individual hot wire and 
the neutral wire averages 110 volts. 


laa 


FIGURE 16.7 

A typical service entrance as viewed from 
the inside of the house. The large cables that 
connect the residence to the power utility 
enter the house through the conduit at the 
left, which is connected to the meter base. 
From the meter base, the cables pass through 
another conduit, this one very short, through 
the studs to the 200-amp service panel at the 
right. The small cables at the lower left are 
telephone and television cables, each housed 
in a separate conduit. (Photo by Rob Thallon) 


/ Part Three * Wood Light Frame Construction 


| 
o O Hot busses 
i=) i=) 
8 S| —— Neutral/grounding 
8 . | bus 
al] | <p le 
: | : 
8 4 nn Gomme 
(} Chee, 
e at en 
() e 
8 = 8 
8 8 220 V circuit 
=) c 6 
Ss i=} 
(>) i=) 
iS) i) 
g S 110 V circuit 
8 8 
(} eo 
: : 
8 aie A eae t 
8 ; 8 ne 
(2) i=) 
8 iS) 
r=) pau ) 
(2) i i=) 
8 i) 
8 bol! 8 
() iS) 
8 8 
8 un 8 
[=] I i=] 


FIGURE 16.8 

A typical 200-amp main panel box. The box is made of steel and receives the 
three main wires from the meter base. The breakers clip onto the hot busses to 
which the hot cables from the meter base are screwed. The neutral/grounding 
bus is connected to the neutral wire from the meter base and also to a ground 
rod driven into the soil. A 110-volt circuit is created by connecting the black 
(hot) wire of a cable to a breaker and the white (neutral) wire to the neutral/ 
grounding bus. The bare grounding wire is also connected to the neutral/ 
grounding bus. A 220-volt circuit is created by connecting two hot wires to a 
double breaker, which is connected to both of the hot busses. 


FIGURE 16.9 

This 200-amp panel is typical of the average 
2300-square-foot residence. The panel has a 
200-amp main breaker and smaller breakers for 
each circuit. There are three 220-volt breakers 
just below the main breaker, and the remainder 
are 110-volt breakers. In this properly sized panel, 
there are 14 blank positions for the addition of 
future circuits. (Photo by Rob Thallon) 


in the code (Figure 16.7). The main 
panel is the control center for electri- 
cal circuits in the house. It contains a 
main disconnect switch and circuit break- 
ers that act as fuses for each electrical 
circuit (Figures 16.8 and 16.9). 
Circuits are branches of electrical 
service within the house. All circuits 
originate at the main panel (Fig- 
ure 16.10). A circuit may serve a single 
piece of equipment such as a water 
heater (equipment circuit), a set of 


FIGURE 16.10 


receptacles designed for appliances 
(appliance circuit), or a collection of 
lights or receptacles in a number of 
rooms (general-purpose circuit). Each 
circuit is supplied by a single cable 
connected to a circuit breaker in the 
main panel. The cable for a 110-volt 
circuit contains three wires—a hot, a 
neutral, and a grounding wire. 

The grounding wire is a safety de- 
vice that provides a route for electricity 
other than the human body should a 


Chapter 16 + Electrical Wiring / 397 


short circuit occur anywhere in the sys- 
tem. A short circuit results from a hot 
wire touching (and thus energizing) 
any conductor other than the part 
of the electrical equipment to which 
it is designed to supply power. Short 
circuits can occur when electrical mo- 
tors fail, when wire insulation fails, or 
for any number of other reasons. In a 
110-volt circuit, the electrical poten- 
tial between the shorted equipment 
and the ground becomes 110 volts, 


Circuits in a portion of a small house. Each circuit originates with a single cable at the main panel. Circuits are most concentrated in 


the kitchen, where there are numerous appliances. Some circuits serve only one appliance, while others may connect together many 


receptacles, switches, and lights. In a larger residence, there would be more circuits, but each circuit would be limited to the same 
maximum electrical load as in the smaller house. 
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FIGURE 16.12 

A GFI receptacle provides 

an extra degree of safety for 
electrical power outlets that 
must be located near sinks or 
in other dangerous locations 
where water is likely to ground 
a user. The GFI receptacle 
will shut down instantly upon 
detecting a small change in 
the current flowing through it. 
(Photo by Greg Thomson) 


FIGURE 16.11 

An ungrounded appliance (a) is deadly 
dangerous. Current from a shorted 

hot wire will find a path to the ground 
through a person, if possible. A grounded 
appliance (5), on the other hand, will 
pass the current from a shorted hot wire 
through the grounding wire, causing the 
circuit breaker to trip. 


and any electrical conductor touch- 
ing both the equipment and the 
ground will become the conduit for 
110 volts. This much voltage can eas- 
ily kill a person, so a grounding wire 
is connected to the metallic cases of 
electrical equipment. The grounding 
wire leads back to the main panel, 
where it is connected directly into the 
ground. If a short circuit occurs, the 
grounding wire rather than a person 
will carry the 110 volts to the ground 
(Figure 16.11). 

The danger to humans of short 
circuits is especially high near kitchen 
and bathroom sinks, where plumbing 
provides a strong potential electrical 
conductor to the ground. If a person 
were touching both a shorted appli- 
ance and a faucet, it would take sev- 
eral seconds before the breaker in 
the main panel tripped to shut off 
the power to that circuit. In these es- 
pecially dangerous locations, there- 
fore, codes require special ground 
fault interrupter (GFT) receptacles (Fig- 
ure 16.12) that detect small current 
changes such as occur when a person 
becomes an electrical conductor and 
respond by instantly shutting down 
the power to the circuit. 

Arcing faults, which are caused 
by shorts in damaged or deteriorated 
wiring or electrical appliance cords, 
are another hazard of electrical sys- 
tems. Arcing faults can produce tem- 
peratures approaching 10,000°F, and 
it is estimated that they cause over 
40,000 residential fires in the United 
States each year. Although they pro- 
duce intense heat, these events do 
not necessarily draw much current, 
so they do not usually trip a standard 
circuit breaker, which is designed to 
trip when a circuit becomes overheat- 
ed due to overload or when a major 
short causes a sudden increase in cur- 
rent. A relatively new device, the arc 
fault circuit interrupter (AFCI), does pro- 
tect against arcing faults. AFCIs are 
typically incorporated into conven- 
tional circuit breakers, allowing this 
single device to provide protection 
against overloads, short circuits, and 
arc faults. As of 2008, the National 


FIGURE 16.13 


Nonmetallic (NM) cable is virtually the only cable used in residential wiring today. It 
consists of two or more insulated wires plus a bare grounding wire, all wrapped in a 


paper insulation and sheathed in a waterproof thermoplastic jacket. Early versions of 
this cable without the grounding wire have been around since before 1920. 


FIGURE 16.14 
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The chart depicts at full scale the American Wire Gauge (AWG) size of copper and aluminum wires commonly used in residential 
wiring. Typically, 18- and 16-gauge are used for low-voltage wiring; 14-, 12-, and 10-gauge for common lighting, receptacle, and 


appliance circuits; and the larger gauges for the service entrance and major equipment and appliances. 


Electric Code requires AFCI protec- 
tion for all 15- and 20-amp branch 
circuits installed in dwelling units. 


Wiring Materials 


The wires that carry the electricity 
are made of copper or aluminum— 
the most highly conductive metals 
that are affordable. (Silver is a better 
conductor than copper or aluminum 
but is too costly to be used in wiring.) 
Aluminum is usually used for the 
larger-diameter conductors leading 
to the house, whereas copper is used 
within the house for normal wiring. 
Aluminum has a cost advantage over 
copper, especially in large-diameter 
wire, but it corrodes when exposed 
to air, so it must be carefully coated 
with an anticorrosion agent wherever 
a connection is made. This makes it 
impractical for local circuits within a 
house, where multiple connections 
are required. 

The wires are sheathed in an in- 
sulative coating that protects them 
from their surroundings and vice 
versa. Until the 1930s, each wire 
(hot and neutral) was run through 
the building independently, isolated 


from the structure by porcelain knob 
and tube fasteners. Now the most 
common wiring is a single nonmetal- 
lic (NM) cable—a thermoplastic jacket 
containing insulated hot, insulated 
neutral, and an unsheathed ground- 
ing wire (Figure 16.13). There are 
two types of NM cable—NMB for 
common use and UF with a plastic- 
sheathed grounding wire for under- 
ground or wet locations. In some 
locations, such as a water heater or 
electric range, wires require more 
protection from physical abrasion 
than NM cable can provide. In these 
situations, a flexible metal-clad cable or 
metal or plastic conduit is employed. 

Wire size is described by gauge— 
the larger the gauge designation, the 
smaller the wire (Figure 16.14). The 
most common wire sizes in residen- 
tial construction are 12-gauge, used 
for most receptacle circuits, and 
14-gauge, used for lighting circuits. 
Ten-gauge and 8-gauge wire are re- 
quired for many large appliances. 
The main wires connecting the resi- 
dence to the power grid are the larg- 
est, the most common size being 3/0 
for a 200-amp service. The relation- 
ship of wire size to amp ratings is 
shown in Figure 16.15. 


Allowable 
Ampacities 

Wire 

Gauge Copper Aluminum 
14 20 — 
12 25 = 
10 35 = 
8 50 40 
6 65 50 
4 — 65 
3 — 75 
2 = 90 
1 — 100 
1/0 — 120 
2/0 — 135 
3/0 — 155 
4/0 — 180 


FIGURE 16.15 

The relationship of AWG size to allowable 
ampacities of insulated conductors at 
167°F (75°C). For safety, circuits using 
12-gauge cable typically are connected 

to a 20-amp breaker and circuits using 
14-gauge cable to a 15-amp breaker. 
(Source: 1999 National Electric Code, 

Table 310-16) 
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ELECTRICAL SYSTEM 
DESIGN 


The Electrical Plan 


The design of the electrical system 
is primarily the responsibility of the 
building designer. A plan drawing 
of the electrical system prepared by 
the designer is required in order to 
obtain a building permit and pro- 
vides the basic information for the 
electrical contractor to install the 
electrical system (Figure 16.16). 
Using standardized symbols, the 
plan shows the location of receptacles, 
switches, lighting fixtures, the electric 
meter, and the main panel. In ad- 
dition, the locations in the house 
of electrical equipment such as fur- 
nace, water heater, space heaters, 
washer, dryer, and kitchen applianc- 
es are noted in the electrical plan 
because they require wiring to sup- 
ply electrical power. A good designer 
will cross-reference electrical plans 
with framing plans to ensure that 
joist locations do not conflict with 
the placement of lighting fixtures or 
other electrical devices. When com- 
bined with the electrical specifica- 
tions, the electrical drawings allow 
the electrical contractor to estimate 
the cost of construction. 

The code specifies that recepta- 
cles must be spaced along each wall 
such that an electrical device with a 
6-foot-long (2-m) cord can always 
be plugged in no matter where the 
device is positioned along the wall. 
Effectively, this means that recep- 
tacles can be located no farther than 
6 feet from the end of a wall and no 
more than 12 feet apart along the 
wall (Figure 16.17). With increas- 
ingly widespread use of computers 
and electronic entertainment devices 
in the home, many more receptacles 
than this are advisable. More recep- 
tacles are required in a kitchen where 
electrical usage can reasonably be ex- 
pected to be higher than in a typical 
room. 

One of the most challenging 
tasks for the designer of a house is 
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FIGURE 16.16 


The electrical plan is drawn by the designer and serves as a guide for the electrical 
wiring. Standardized symbols show the types of electrical devices and how they are 
wired. The curved dashed lines show what connects to what and do not indicate actual 


wire routings. (Courtesy of David Edrington, Architect) 


the lighting design. Lights can be 
surface mounted or recessed, incandes- 
cent or fluorescent, line voltage or 
low voltage (Figure 16.18). Beyond 
these basic decisions, there is a vast 
array of fixture designs and light 
bulb types. With so many variables, 
the selection of appropriate fix- 
tures, as well as their sensitive loca- 
tion within a room and in relation to 
other fixtures, has become an art. In 
commercial work, lighting design is a 
specialized field. 


Switching for lighting must be in- 
dicated on the electrical plan as well. 
The basic toggle switch next to the 
door to turn on the light in a room 
is simple to locate (Figure 16.17). 
Three-way switches that allow a light to 
be turned on or off from two loca- 
tions are useful at the top and bottom 
of a stair, the ends of a corridor, or 
two entrances to a room. Finally, four- 
way switches that allow switching from 
multiple locations offer even more 
options. 


6' maximum distance 
from end of wall 


12' maximum distance 
between receptacles 


FIGURE 16.17 

Plan drawing showing typical electrical 
requirements for a simple room. The 
light fixture is not required by code but 
is standard. 


The location and size of the main 
panel are also determined before 
plans are submitted for approval. Be- 
cause the wires between the meter 
base and the main panel are large 
and expensive, these two elements 
are located back to back on an ex- 
terior wall when possible. Most resi- 
dential panels are rated at 200 amps, 
although smaller (125 amps) and 
larger (400 amps) panels are not un- 
common. The designer may consult 
with an electrical subcontractor to se- 
lect a practical size based on the pres- 
ent needs of the proposed building 
plus room for future expansion. 

Sometimes it is advisable to install 
a subpanel. A subpanel is a separate 
panel with its own circuit breakers 
and is connected to the main panel 
with a single large wire. It is useful 
when a number of circuits are re- 
quired at a location remote from 
the main panel. A subpanel might 
be used, for example, for the circuits 
in the top floor of a two-story house 
with the main panel in the basement. 
A subpanel might also be used for all 


FIGURE 16.18 
A wholesale electrical distributor displays a few of the hundreds of surface-mounted 
light fixtures available. These fixtures mount to standard electrical boxes located 
in the ceiling or the wall. Recessed fixtures are also available for ceiling locations. 
(Photo by Rob Thallon) 


the circuits in a house when the main 
panel is located in a detached garage. 

Deciding on overhead or under- 
ground service and locating the meter 
base and the service entrance, where 
the electric service enters the building 
(Figure 16.7), are responsibilities of 
the designer. These decisions are best 
made in consultation with an engineer 
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from the local utility company. The 
utility company typically provides the 
labor and materials to run wires from 
the local power line to the building, 
but trees may have to be cut down 
or trimmed to provide clearance for 
overhead service, and trenching for 
underground service may be compli- 
cated by rugged terrain, groundwater, 
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or rocky soil. Locating the meter base 
for easy monthly inspection is also 
something that should be discussed 
with a utility company representative. 


Planning the Circuits 


Before the electrical system can be in- 
stalled, the circuits must be planned. 
The intent of a circuit is to divide 
the electrical system into subsystems, 
each of which can be safely served 
with a single reasonably sized cable 
(Figure 16.10). Each circuit is pro- 
tected against electrical overload with 
a circuit breaker at the main panel. 
Circuit breakers are designed to dis- 
connect the circuit when amperage 
exceeds normal designed usage. Ex- 
cessive current (amperage) can occur 
when too many devices are operating 
simultaneously on a single circuit, 
when there is a direct short (the hot 
and neutral wires are touching), or 
when there is a ground fault (the hot 
wire touches a ground or grounded 
conductor). Any of these conditions 
could cause the cable to overheat and 
ignite a fire if allowed to continue. 

A typical set of circuits for an all- 
electric 2000-square-foot (200-m?) 
house might include the following: 


Dryer 30 A 240 V 
Range 50A 120/240 V 
Dishwasher 20 A 120 V 
Water heater 30 A 240 V 
Heat pump 100A 240 V 
Kitchen plugs, 

2 or 3 circuitsat 20 A 120 V 
Bath heater 20 A 120 V 
Lights and receptacles, 

6 or 7 circuits at 15 A 120 V 
Garage 20 A 120V 


All these circuits can be wired to 
a 200-amp main panel even though 
their total amperage adds to over 
400 amps because the code recogniz- 
es that only a fraction of the capacity 
will ever be used simultaneously. 

With knowledge of the electri- 
cal code and practical experience 
in the field, it is the electrician who 


generally determines the number of 
circuits and their organization. This 
is done during the bidding process 
and refined when the system is be- 
ing installed. The designer usually 
specifies circuits only when they are 
for a particular purpose, such as a 
designated computer circuit. 


ROUGH-IN ELECTRICAL 
INSTALLATION 


The rough-in electrical work be- 
gins when the house is framed and 
dried in. The electrician is generally 
scheduled after the plumber (and 
the heating subcontractor, if there 
is one) because electrical cable is 
small and easily routed around ob- 
structions. The small cables are also 
numerous and would likely interfere 
with plumbing and other utilities if 
they were installed first. All electrical 
wiring must be performed by a 
licensed electrician unless it is done 
personally by the owner. 


Setting the Boxes 


The first stage of the rough-in electri- 
cal work involves attaching the boxes 
(including the main panel box) to 
the framing. The main panel is made 
of steel and is designed to fit between 
studs, to which it is typically screwed 
(Figure 16.7). Boxes for receptacles, 
switches, and lights are made of steel 
or plastic and are nailed to the fram- 
ing (Figure 16.19). There are ac- 
cepted standards for the heights of 
receptacles and switches, but these 
are interpreted loosely by electri- 
cians whose principal goal in setting 
boxes is to do it rapidly. The size of 
each box is prescribed by code and 
depends on the number and size of 
wires that enter the box and the type 
of electrical device that it houses. De- 
cisions about box size are made by 
the electrician at the site. 

There generally needs to be a 
dialogue among the electrician, the 
designer, and the owner at the time 


the boxes are set. The electrician will 
locate boxes according to the electri- 
cal plan, but will have to make some 
adjustments because the boxes are 
attached to framing, which cannot 
be entirely laid out to accommodate 
electrical boxes. Occasionally, the 
electrician will have to add more re- 
ceptacles than are shown on the elec- 
trical plan in order to meet code 
requirements. The designer must 
inform the electrician of the dimen- 
sions of trim, backsplashes, and other 
finish details that might interfere 
with electrical boxes. The faces of 
the boxes are typically set to project 
% inch (12.7 mm) from the framing 
in order to be flush with the finish 
wall, so the electrician needs to be in- 
formed if any finish wall thickness will 
vary from this standard. 

Boxes on exterior walls are po- 
tential sources of air infiltration (dis- 
cussed in Chapter 17) because they 
penetrate both the gypsum board 
finish and the polyethylene vapor 
barrier—both of which are used 
commonly as an air infiltration bar- 
rier. There are various schemes for 
sealing electrical boxes against air 
infiltration, and the responsible de- 
signer in cold climates will specify 
one of these schemes or locate the 
air infiltration barrier at the exterior 
of the wall. 


Running the Cable 


After the panel and boxes have been 
attached to the framing, the cable is 
strung between them. The cable for 
each circuit starts at the main panel 
and extends from box to box, linking 
all the boxes in a circuit together. 
Small holes are drilled in fram- 
ing members to allow cable to pass 
through them. When running paral- 
lel to a framing member, the cable is 
stapled to it at frequent intervals as 
specified by code. Cable must also 
be stapled to a stud or other support 
just before it enters a box. At the box, 
the cable is cut—leaving sufficient 
length projecting from the box to con- 
nect the electrical device (receptacle, 


switch, light, or other device) at a 
future date (Figure 16.20). 


Making Up the Boxes 


When all the cables have been run, 
the wires are connected to one an- 
other and tucked into the boxes 
in preparation for the later instal- 
lation of the receptacles, switches, 
and lights. This phase of the electri- 
cal work is referred to as making up 
the boxes. The first step in making up 
a box is to strip the plastic sheathing 
off the cables that project from the 
box, exposing the individually insu- 
lated wires. The wires are then cut to 
length according to their function, 
the insulation is stripped from them 
where required, and wires are con- 
nected to one another with wire nuts. 
The grounding wires of each cable 
entering a box are always connected 
during the make-up phase. 


After the connections have been 
made, wires are folded back into each 
box to complete the process of mak- 
ing up the circuits (Figure 16.21). 
At this time, the temporary power is 
usually disconnected, and the main 
panel is connected to the permanent 
service entrance. Circuit breakers are 
installed in the panel, and some cir- 
cuits are usually activated in order to 
provide electricity for construction 
tools and lights. 


FIGURE 16.20 

To make up this receptacle box, the outer 
plastic sheathing is stripped back from 
the two entering cables, revealing the indi- 
vidual wires inside. The grounding wires 
are connected, and then all the wires are 
folded back into the box. 
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FIGURE 16.19 

The most common electrical boxes: 
At the bottom left, a receptacle box is 
nailed to studs and accommodates a 
single duplex receptacle or a switch. 
At the bottom right, a light fixture 
box is designed to nail to a joist. Light 
fixture boxes with adjustable brackets 
to position the light fixture between 
ceiling joists are also available. At the 
top is a four-gang box for four switches. 
Multiple-gang boxes for two or three 


switches (or duplex receptacles) are also 
common. (Photo by Rob Thallon) 
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FIGURE 16.21 
The made-up box has all of the wiring complete except for the connection of the 


electrical device. The wires are folded back into the box until the device is connected. 
Notice that the face of the box is set forward from the face of the stud so it will be 
flush with the surface of the (future) finished wall. (Photo by Edward Allen) 


Rough Inspection 


A rough-in electrical inspection 
is scheduled once the rough-in 
wiring has been completed. At this 
time, the electrical inspector veri- 
fies clearances from the ground to 
overhead service wires and from 
the service entrance to the build- 
ing. If there is an underground 
service, the depth of the cable is 
scrutinized. Connections to the 


power supply at the meter base and 
the main panel are also checked. 
The main panel is checked to see 
that breakers are properly sized, 
located, and connected and that 
there is adequate clearance around 
the panel. For local wiring, the in- 
spector looks to see that there is an 
adequate number of circuits and 
receptacles and that the cables are 
properly supported, fastened, and 
protected. 


FINISH ELECTRICAL 


The electrician returns near the end 
of construction to finish the system. 
At this point, the cabinets have been 
installed, the trim is done, and all the 
painting has been completed. The 
finish electrical work involves install- 
ing all of the receptacles and switches, 
along with their cover plates; install- 
ing the lighting fixtures; and connect- 
ing appliances and equipment. The 
electrician tests all circuits and equip- 
ment before their final inspection. 


General-Purpose and 
Appliance Circuits 


Receptacles and switches are the most 
straightforward devices to install. 
Each is connected to the hot, neutral, 
and grounding wires; screwed into 
the box; and, finally, covered with the 
protective cover plate (Figure 16.22). 
Receptacles and switches are avail- 
able in several colors and in a wide 
variety of styles and range of quality. 
The designer stipulates in the specifi- 
cations the type to use. 

Lighting fixtures present some- 
what more of a challenge to the elec- 
trician, because there is such a wide 
variety of fixture types, each having 
its own idiosyncrasies. Surface- 
mounted fixtures are easier to install 
than recessed ones. Heavy fixtures 
need to be attached to framing ade- 
quate for their support. Recessed fix- 
tures fit into housings that have to be 
installed during the rough-in phase. 
Recessed lighting fixtures located in 
insulated ceilings must be of a design 
that is approved for such locations 
to prevent overheating. Low-voltage 
lights must have a transformer, ide- 
ally concealed but accessible, to step 
down the voltage. 


Equipment Circuits 


Heat pumps, furnaces, water heat- 
ers, dryers, ranges and ovens, range 
hoods, dishwashers, garbage disposals, 
submersible pumps, and garage door 


openers are among the most frequent- 
ly installed electrical equipment. Each 
may be supplied by a different manu- 
facturer, and each may have different 
requirements for electrical connec- 
tion. For this reason, wiring is most 
efficient if this equipment is specified 
before the rough-in wiring is installed. 
When this is not possible (which is 
frequently the case), the electrician 
can allow for a range of possibilities 
by leaving extra length of wire at the 
equipment location. Connections to 
appliances such as the water heater, 
dishwasher, furnace, heat pump, and 
garbage disposal often require flex- 
ible metal tubing to protect the wires. 
Coordination with the plumber and 
the cabinetmaker may also be neces- 
sary for some equipment. 


Final Inspection 


Once the wiring has been completed, 
a final inspection is arranged. The 
municipal electrical inspector will 


FIGURE 16.22 

A receptacle that has been wired but not 
yet screwed to its box. Connections may 
be made at push-in terminals on the back 
of the receptacle or screw terminals on 
the sides. The screw terminals are safer 
and are used in all high-quality work 
because the contact area between wire 
and receptacle is much greater. Once 
connected electrically, the receptacle is 
screwed to the face of the box, and the 
cover plate is attached to its face to trim 
the device. 


spot-check some of the receptacles to be 
sure that they are operational and will 
flip some switches to ensure that they 
work. In addition, all GFIs are checked, 
some equipment is spot-checked, and 
the main panel is examined to verify its 
completion, including the labeling of 
circuits. The successful completion of 
a final electrical inspection is required 
as part of the final building inspection 
and is necessary for granting the certifi- 
cate of occupancy. 


ELECTRICAL WIRING AND 
THE BUILDING CODES 


Regulations governing the _instal- 
lation of electrical systems in resi- 
dences are currently contained in 
the International Residential Code, 
Chapters 33-42. The regulations are 
derived from the National Electric 
Code, a more comprehensive code 
covering electrical work in buildings 
of all types and sizes. 
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The electrical codes are primar- 
ily concerned with safety. For ex- 
ample, clearances around the main 
panel are dictated to allow access in 
emergencies, and a maximum spac- 
ing between receptacles is specified 
to eliminate extension cords and 
dangerous long runs of small wire. 
The code-writing organizations work 
with approved testing agencies to 
set minimum standards for electri- 
cal equipment and devices. These 
organizations also work with licens- 
ing agencies to train qualified electri- 
cians and to require their supervision 
of electrical work at the site. 


Low- VOLTAGE WIRING 


In addition to electrical power, sev- 
eral other residential systems require 
wiring that runs through the framing. 
The most common of these are tele- 
phone, cable television, and satellite 
television. Other such systems in- 
clude Internet cabling, low-voltage 
lighting, security, sound, intercom, 
heating and cooling thermostats, and 
the old-fashioned doorbell or chime. 
Many require installation by special- 
ized subcontractors. 

Each of these systems operates on 
electricity of such low voltage that it 
cannot give a fatal shock or start a fire. 
Therefore, they need not be installed 
by a licensed electrician. None is regu- 
lated by code, and thus no inspections 
are required. Telephone, cable televi- 
sion, and Internet systems are powered 
by their service providers, but low- 
voltage electricity must be produced 
for other systems by a small step-down 
transformer within the house. Of 
ten, this transformer, generally about 
the size of a single-serving package 
of breakfast cereal, is located inside a 
piece of equipment such as a central 
control panel for a security system. 

Low-voltage wiring systems are 
roughed in and finished at approxi- 
mately the same time as the con- 
ventional wiring. In addition to the 
conventional electrical contractor, 
a high-end house may require the 
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services of a home theater installer; 
a specialized lighting contractor; and 
installers of a security system, cable 
television, Internet wiring, and an in- 
tercom. 


BUILDING GREEN WITH 
ELECTRICAL SYSTEMS 


e The metals used for electric wires, 
copper and aluminum, are both pro- 
duced with the expenditure of great 
amounts of energy from ores that 
are gradually being depleted. These 
ores are obtained by open-pit mining, 
which destroys wildlife habitat, dis- 
rupts drainage patterns, and leaves 
ugly scars on the land. 


¢ Wiring that is removed from build- 
ings being demolished, and scraps of 


wiring from new installations, can be 
recycled. 


e Experience over the past century 
has shown a consistent pattern: No 
matter how many electrical outlets we 
provide in a new building, there will 
not be enough of them at some point 
in the near future. It is difficult to sus- 
tain an argument in favor of reducing 
the amount of wiring in a building. 


e The consumption of electric- 
ity in a building can be minimized 
by using high-efficiency lighting 
sources and appliances. Occupants 
can be trained to turn off lights and 
machines when they are not needed. 
Lights can be controlled by devices 
that sense whether a room is occu- 
pied or not. 


e Houses and workplaces de- 
signed for daylighting use much less 


C.S.1./C.S.C. 
MasterFormat Section Numbers for Wiring 


26 00 00 
26 50 00 


26 51 00 
26 56 00 


27 00 00 
27 40 00 
28 00 00 


ELECTRICAL 
LIGHTING 


Interior Lighting 
Exterior Lighting 


COMMUNICATIONS 


Audio-Video Systems 


electricity than ones that are not. 
Daylighting involves careful place- 
ment and orientation of the building 
on the site, purposeful placement 
and sizing of windows, provision of 
suitable reflecting surfaces, and in- 
stallation of closure devices such as 
curtains, blinds, or shades to control 
direct sunlight. 


e Except in areas that use hydroelec- 
tric power, electric resistance heat is 
wasteful of energy because two-thirds 
of the energy in the fuel consumed 
by a power plant is lost in generation 
and transmission. 


e Electric smoke alarms save hun- 
dreds of lives each year by alerting 
sleeping occupants of a fire within 
the building before they are over- 
come by smoke. Most building codes 
require them. 


ELECTRONIC SAFETY AND SECURITY 


SELECTED REFERENCES 


1. Richter, H. P.; Schwan, W. C.; and Hart- 
well, F. P. Wiring Simplified (42nd ed.). 
New Richmond, WI: Park Publishing, 
Inc., 2008. 


A classic reference for those who choose 
to learn how to wire their own house, and 


Key TERMs AND CONCEPTS 


voltage 

current 

resistance 

Ohm’s law 
amperes 

amps 

power 

direct current (DC) 
alternating current (AC) 
hot wire 

neutral wire 

service entrance 
meter base 

main panel 


REVIEW QUESTIONS 


1. Explain the relationship among volt- 
age, current, and resistance. 


2. What are the differences between a 
neutral wire and a grounding wire? 


3. Trace the path of electricity from the 
municipal power supply at the street to a 


EXERCISES 


1. Obtain a residential wiring plan from a 
local architect or builder and discuss with 
your class the symbols used to describe 
the work of the electrician. Can you think 
of improvements to the drawing or to the 
design? 


an excellent reference for those who want 
to learn about the principles of residen- 
tial wiring and the practical methods of 
installation. 

2. Mullin, Ray C. Electrical Wiring Residen- 
tial (17th ed.) Chicago: Delmar, 2010. 


main disconnect 

circuit breaker 

circuit 

grounding wire 

short circuit 

ground fault interrupter (GFI) 
arc fault circuit interrupter (AFCI) 
nonmetallic (NM) cable 
metal-clad cable 

conduit 

gauge 

electrical plan 

receptacle 

switch 


light bulb in a house. Use specific terms 
for all the cables and devices through 
which the electricity flows. 


4, What are the steps involved in rough 
wiring a house? Discuss why each step is 
in its particular sequence. 


2. Make a wiring plan for a simple house 
plan taken from a newspaper or maga- 
zine. 

3. Visit a house under construction with 
the rough wiring exposed. Sketch or photo- 
graph installed components such as a switch 
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A widely used textbook explaining how 
residential electrical systems work, how 
they are designed, and how they are 
installed. 


lighting fixture 
surface-mounted fixture 
recessed fixture 
three-way switch 
four-way switch 
subpanel 

direct short 
ground fault 
electrical box 
making up a box 
wire nut 

cover plate 
transformer 
low-voltage wiring 


5. What are the typical wire sizes used in 
residential construction? For what pur- 
pose is each employed? 

6. Explain the differences between line 
voltage and low-voltage systems. Make a 
list of typical uses of low-voltage systems. 


box, subpanel, main panel, and meter base 
and annotate the illustrations with proce- 
dures performed by the electrician in order 
to install the component. Include such pro- 
cedures as the drilling of holes, stapling of 
cables, stripping of wires, and so on. 


THERMAL 
INSULATION 


¢ The Thermal Envelope ¢ Ventilation of Cavities 
and Its Components Attic Ventilation 
The Roof Roof Ventilation 
The Walls Ice Dams 
The Crawlspace Crawlspace Ventilation 


The Basement 


e Control of Air Infiltration 


The Slab Foundation 
Air Barriers at the Exterior 
e¢ Thermal Insulation of Wall Framing 
Materials Air Barriers at the 
Interior of the Framing 
¢ How Much Insulation? Hybrid Air Barriers 
The Need for Ventilation 


e Installation of Insulation me ; 
* : ¢ Building Green with 
att Insulation 


hacen Thermal Insulation 
Floor Insulation over a Crawlspace 
Slab and Basement Rigid Insulation 

¢ Control of Water Vapor 


Water Vapor and Condensation 
The Vapor Retarder 


409 


410 


Thermal insulation helps keep a building cooler in summer and warmer in winter by retarding the 
passage of heat through the exterior surfaces of the building. It helps keep the occupants of the 
building more comfortable by moderating the temperatures of the interior surfaces and reducing 
convective drafts. It also reduces the energy consumption of the building for heating and cooling to a 
fraction of what it would be without insulation. 

However, insulation is only one part of a balanced approach to energy efficiency, which must also 
include the control of water vapor and air infiltration. If water vapor enters the insulated exterior 
structure and condenses there, it can render the insulation ineffective and cause decay of the structure 
of the house. Air filtering into the house through cracks and breaks in the construction can introduce 
large volumes of heat or cold that counteract the effects of insulation. All these issues must be ad- 
dressed simultaneously in order to achieve thermal efficiency and comfort. 

Thermal insulation is any material that is added to a building assembly for the purpose of slowing 
the conduction of heat through that assembly. Insulation is almost always installed in new roof and 
wall assemblies in North America and often in floors and around foundations and concrete slabs on 
grade, anywhere that heated or cooled interior space comes in contact with unconditioned space or the 
outdoors. 

The effectiveness of a building assembly in resisting the conduction of heat is expressed in terms 
of its thermal resistance, abbreviated as R. R is expressed either in English units as square foot—hour— 
degree Fahrenheit per Btu or in metric units of square meter—degree Celsius per watt. The higher the 
R-value is, the higher the insulating value. 

Every component of a building assembly contributes in some measure to its overall thermal 
resistance. The magnitude of the contribution depends on the amount and type of material used. 
Metals and glass have very low R-values, and concrete and masonry materials are only slightly better. 
Wood has substantially higher thermal resistance, but not nearly as high as that of an equal thickness 
of any common insulating material. Most of the thermal resistance in an insulated building assembly is 
attributable to the insulating material. 
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FIGURE 17.1 

The thermal envelope surrounds 

the conditioned spaces of the house, 
protecting them from the temperature 
extremes of the outdoor air. 
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THE THERMAL ENVELOPE 
AND ITS COMPONENTS 


Thermal insulation forms a contain- 
er around the conditioned (heat- 
ed and/or cooled) spaces in the 
house. This container is commonly 
referred to as the thermal envelope 
(Figure 17.1). The most critical parts 
of the thermal envelope are those 
in contact with the atmosphere— 


Table N1102.1 


the walls, the ceiling, and sometimes 
the foundation of the house— 
because the temperature of the 
atmosphere varies much more than 
that of the ground on which the 
house rests. A ceiling requires more 
insulation than a wall because heat 
flow upward through ceiling insu- 
lation is substantially faster than 
heat flow horizontally through wall 
insulation. Also, under summer 
conditions, the sun beating down 
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on a roof can raise the surface tem- 
perature of the roof 30 to 40°F (20 
to 25°C) higher than that of the ex- 
terior surface of the walls. A floor 
over an unheated space requires 
about the same amount of insula- 
tion as a wall. Energy codes reflect 
these facts in their requirements for 
various components of the house 
(Figure 17.2). A cross section of the 
most common type of thermal enve- 
lope is shown in Figure 17.3. 


Simplified Prescriptive Building Envelope Thermal Component Criteria Minimum Required 
Thermal Performance (U-Factor and R-Value) 


Minimum Insulation R-Value [(hr - ft?» °F)/Btu] 


Maximum 
Glazing 
U-Factor 
[Btu/ 
HDD (hr-ft? + °F)] Ceilings 
0-499 Any R-13 
500-999 0.90 R-19 
1,000-1,499 0.75 R-19 
1,500-1,999 0.75 R-26 
2,000—2,499 0.65 R-30 
2,500-2,999 0.60 R-30 
3,000-3,499 0.55 R-30 
3,500-3,999 0.50 R-30 
4,000-4,499 0.45 R-38 
4,500-4,999 0.45 R-38 
5,000-5,499 0.45 R-38 
5,500-5,999 0.40 R-38 
6,000-6,499 0.35 R-38 
6,500-6,999 0.35 R-49 
7,000-8,499 0.35 R-49 
8,500-8,999 0.35 R-49 
9,000-12,999 0.35 R-49 


Basement 

Walls Floors Walls 
R-11 R-11 R-0 
R-11 R-11 R-O 
R-11 R-11 R-O 
R-13 R-11 R-5 
R-13 R-11 R-5 
R-13 R-19 R-6 
R-13 R-19 R-7 
R-13 R-19 R-8 
R-13 R-19 R-8 
R-16 R-19 R-9 
R-18 R-19 R-9 
R-18 R-21 R-10 
R-18 R-21 R-10 
R-21 R-21 R-11 
R-21 R-21 R-11 
R-21 R-21 R-18 
R-21 R-21 R-19 


For SI: 1 Btu/ (hr « ft? « °F) = 5.68 W/m? « K, 1 (hr-ft? °F) /Btu = 0.176 m? « K/W. 


FIGURE 17.2 


Slab Perimeter 


R-Value and Depth Crawlspace Walls 
R-0 R-0 
R-0 R-4 
R-0 R-5 
R-0 R-5 
R-0 R-6 

R-4, 2 ft R-7 
R-4, 2 ft R-8 
R-5, 2 ft R-10 
R-5, 2 ft R-11 
R-6, 2 ft R-17 
R-6, 2 ft R-17 
R-9, 4 ft R-19 
R-9, 4 ft R-20 
R-11, 4 ft R-20 
R-13, 4 ft R-20 
R-14, 4 ft R-20 
R-18, 4 ft R-20 


This table shows prescriptive building envelope requirements from the International Residential Code. The zones in the first 


column refer to climatic regions from warmest at the top to coldest at the bottom. HDD represents heating degree days for each 
zone. The U-factor is the inverse of the R-value, so that a U-factor of 0.40 translates into an R-value of 1/0.40 or 2.5. 
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The Roof 


The roof assembly may be insulated 
at the ceiling to leave an uninsulated 
attic or at the roof itself if there is no 
attic (Figure 17.5). The most effective 
strategy is to insulate the minimum 
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2x6 STUDS 


FIGURE 17.3 

The insulation level of this 2 X 6 stud 
wall is R-19 (R-132 in SI units). This is 

an increase of approximately 50 percent 
over the standard insulation in a 2 x 4 
wall. The thickness of insulation in the 
ceiling and the basement or crawlspace is 
not limited by wall thickness. 


perimeter around the inhabited space 
of the house. Ceiling insulation usual- 
ly must be compressed somewhat to fit 
into the diminishing space under the 
roof sheathing where it meets the ex- 


the thermal resistance of the ceiling 
insulation at this point. A raised-heel 
roof truss (Figure 17.7) overcomes 
this problem and also facilitates roof 
ventilation. 


compressed to allow 


2/\\ | 


terior wall. This compression, which 
can be seen in Figure 17.3, reduces 


HITT 


3%" (89mm) batt 
insulation 


1" (25mm) foam 
sheathing 


Plywood sheathing is not 

required over foam sheathing 
except as a nail base for some 
siding materials 
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Foam sheathing 

below siding must be 
protected from sunlight 
and abrasion 


2x 4 STUDS WITH FOAM SHEATHING 


FIGURE 17.4 

2 Xx 4 framing with plastic foam sheathing in com- 
bination with batt insulation can achieve insulation 
levels greater than 2 X 6 framing alone. The foam 
sheathing insulates the wood framing members as 
well as the cavities between them but can compli- 
cate the process of installing some types of siding. 
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FIGURE 17.5 

Insulation (a) can be 
located at the ceiling, 
creating an uninsulated 
attic, or (b) can follow the 
slope of the roof in rooms 
where there is no attic. The 
first condition allows for 
greater insulation depth at 
lower cost and is common 
with roof trusses since the 
attic is not usable as living 
space. The second creates 
a more interesting living 
space below the ceiling. 


FIGURE 17.6 
The snow on the roof of this building is melting most rapidly along the rafters where the 
R-value is lowest—illustrating the principle of thermal bridging. (Photo by Rob Thallon) 


Raised heel of truss 
provides space for 
full depth of 
insulation and free 
alr passage 


Blocking to keep 
Insulation away from 
vents 


FIGURE 17.7 
A raised-heel roof truss. A photograph of a raised heel truss is shown in Figure 10.27. 
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The Walls 


The framed outside walls of a house 
are typically insulated by entirely fill- 
ing the cavities between studs with 
insulation. Special consideration is 
given to headers and wall intersec- 
tions where framing members com- 
pete for space with the insulation 
(Figures 17.8 and 17.9). Electrical 
cables are usually present in the 
wall cavity, and sometimes plumbing 
pipes as well. These tend to compress 
the customary batt insulation as it is 
installed, making it less effective. This 
problem is best solved by running the 
cables at the base of the wall through 
notches made by the framers (Fig- 
ure 17.10). An alternative is to split 
the insulation as it is installed so that 
it fully surrounds the cable (or pipe). 

Windows and doors occupy a 
considerable portion of the wall area 


(a) (b) 


FIGURE 17.8 

Window and door headers in 2 X 6 
framing require special detailing. Two 
alternative header details are shown 
here in section view: (a) The header 
members are installed flush with the 
interior and exterior surfaces of the 
studs, with an insulated space between. 
This detail is thermally efficient but 
may not provide sufficient nailing for 
interior finish materials around the 
window. (b) An efficient and simply 
built header that provides nailing 
around the opening except, possibly, 
for wide casings. 
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in a residence. These elements are 
very conductive compared to the 
framed wall, so their maximum total 
area and their minimum levels of 
thermal resistance are mandated by 
the energy sections of the building 
code. Generally, colder climates have 
more stringent requirements. The 
National Fenestration Rating Council 
develops standards and testing pro- 
cedures for insulative values and re- 
sistance to air infiltration of windows 
that are incorporated into the codes. 


2x4 nailer 


(a) 


Stud 


Electrical 
cable 


FIGURE 17.10 
The notch at the base of the stud is made by the 
framer, who lines up a series of studs and cuts 
them with two passes of a portable circular saw. 
The notch allows electrical cables to be run at 
the base of the stud cavity, eliminating compres- 
sion of batt insulation by the cable. 


The Crawlspace 


A crawlspace is usually an uncon- 
ditioned space, much like an unin- 
habited attic. The temperature of 
the space can vary considerably with 
changes in atmospheric conditions; 
therefore, the floor above it must be 
thermally insulated to protect the in- 
habited space (Figure 17.11). 

The control of moisture in a 
crawlspace will be discussed later in 
this chapter. 


(b) 
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The Basement 


A basement can be a conditioned 
(living) space that is used like all 
the other spaces in a house, or it 
can be unconditioned and used pri- 
marily for storage and mechanical 
equipment. In a fully conditioned 
basement, the basement walls are 
insulated (Figure 17.12a), either 
on the outside of the foundation 
wall (Figure 8.4la, b) or on the 
inside (Figure 8.41lc). A basement 


FIGURE 17.9 

Two alternative corner post details for 
2 X 6 stud walls shown in plan view: 

(a) Each wall frame ends with a full 

2 X 6 stud, and a 2 X 4 nailer is added to 
accept fasteners from the interior wall 
finish. Metal or plastic drywall clips can 
replace the nailer, improving insulation 
further. (b) For maximum thermal 
efficiency, one wall frame ends with a 

2 X 4 stud flush with the interior surface, 
which eliminates any thermal bridging 
through studs. 
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FIGURE 17.11 
The ground floor of a house above a venti- 
lated crawlspace is insulated in the floor. 


used only for storage need not be 
insulated. The thermal insulation 
of the living space above is accom- 
plished by insulating the floor, 
which is also the ceiling of the base- 
ment (Figure 17.120). 


The Slab Foundation 


With a slab foundation, the inhabited 
space is in direct contact with the 
earth. The temperature of the earth 
near the surface remains at a con- 
stant temperature of approximately 
55°F (13°C). Only within the top few 
feet is the earth affected by climate— 
it will freeze in the winter and warm 
up with the summer sun. (Frost 
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lines are discussed in Chapter 8.) 
When covered by a house, however, 
the earth will remain at 55°F, which is 
only about 15 degrees below the ideal 
indoor temperature. Thus, there is 
very little need to insulate under the 
slab itself, and it is rarely done except 
when the slab is heated or to prevent 
moisture from condensing on the 
slab in climates with warm, humid 
summers. 

At the perimeter of the slab, 
where it is in contact with the atmo- 
sphere, there is a great need to insu- 
late because the differential between 
atmospheric and indoor tempera- 
tures can be extreme. The insulation 
in this zone is called perimeter insula- 
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tion, and it can be installed in either 
of two basic positions, depending on 
the footing details (Figure 17.13). 


THERMAL INSULATION 
MATERIALS 


Figure 17.14 shows the most impor- 
tant types of thermal insulating mate- 
rials for residential construction and 
gives some of their characteristics. 
Glass fiber batts are by far the most 
popular type of insulation for wall 
cavities in new construction. They 
are also widely used as attic, roof, and 
floor insulation. Some details of their 
installation are shown in Figure 17.15. 


(a) Heated basement 


FIGURE 17.12 


(b) Unheated basement 


(a) A heated basement is insulated at the perimeter foundation walls. (b) An unheated basement is 


not insulated, but the conditioned space above is insulated at the floor. 


(a) Shallow footing 


FIGURE 17.13 


(6) Deep footing, 
interior insulation 


(c) Deep footing, 
exterior insulation 


A slab edge must be insulated in all but the warmest climates. (a) A slab with a shallow turned-down footing is insulated at the outside 
edge with rigid insulation. (b, c) A slab with a deep footing may be insulated inside or outside the foundation with rigid insulation. 
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Type Materials Installation R-Value* Combustibility Notes 
Batt or blanket Glass wool; The batt or blanket is 3.2-3.7. The glass wool Low in cost, fairly 
rock wool installed between 22-26 or rock wool is high R-value, easy 
framing members and incombustible, but to install 
is held in place either paper facings are 
by friction or by a facing combustible 
stapled to the framing 
High-density Glass wool Same as above 4.3 Same as above Same as above 
batt 30 
Loose fill Glass wool; The fill is blown onto attic 2.5-3.5 Noncombustible Good for retrofit 
rock wool floors and into wall 17-24 insulation in older 
cavities through holes buildings; may 
drilled in the siding settle somewhat in 
walls 
Loose fibers Treated cellulose; As the fill material is 3.1-4.0 Noncombustible Low in cost, fairly 
with binder glass wool blown from a nozzle, 22-27 high R-value 
a light spray of water 
activates a binder that 
adheres the insulation 
in place and prevents 
settlement 
Foamed-in-place Polyurethane The foam is mixed from 5-7 Combustible; gives off High R-value, high 
two components and 35-49 toxic gases when cost, good for 
sprayed or injected into burned structures that are 
place, where it adheres hard to insulate 
to the surrounding by conventional 
surfaces means 
Foamed-in-place Polyicynene Two components are 3.6-4.0 Resistant toignition, Fairly high R-value; 
sprayed or injected into 25-27 combustible, self- seals against air 
place, where they react extinguishing leakage 
chemically and adhere 
to the surrounding 
surfaces 
Rigid board Polystyrene foam The boards are applied 4-5 Combustible, but self High R-value, 
over the wall framing 27-35 extinguishing in can be used in 
members, either as most formulations contact with earth, 
sheathing on the moderate cost 
exterior or as a layer 
beneath the interior 
finish material 
Rigid board Polyurethane foam; Same 5.6 Combustible; gives off High R-value, high 
polyisocyanurate 39 toxic gases when cost 
foam burned 
Rigid board Glass fiber Same 3.5 Noncombustible Moderate cost, vapor 
24 permeable 
Rigid board Cane fiber Same 2.5 Combustible Low cost 
17 


4R-values are expressed first in units of hr-ft2-°F/Btu-in., then, in italics, in m-K/W. 


FIGURE 17.14 


Thermal insulation materials commonly used in residential construction. The R-values offer a direct means of comparing the 


relative effectiveness of the different types. 


{e) 
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(d) 


FIGURE 17.15 

(a) Pressure fitting unfaced glass fiber batt insulation between 
studs in a wall, the most common use of batts. The batts are 
unfaced, and, because they are slightly wider than the cavity 
they fill, they stay in place between the studs by friction. 

(b) Stapling faced batts between roof trusses. The R-value of 
the insulation is printed on the facing. (c) Placing unfaced 
batts between ceiling joists in an existing attic. Vent spacers 
should be used at the eaves (see Figure 17.26). (d) Insulating 
crawlspace walls with batts of insulation suspended from the 
sill. The header space between the joist ends has already been 
insulated. (e) Installing a polyethylene vapor retarder over 
unfaced glass fiber batt insulation using a staple hammer, 
which drives a staple each time it strikes a solid surface. (Photo 
by Edward Allen. Other photos courtesy of Owens-Corning Fiberglass 
Corporation) 
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Loose-fill glass fiber, rock wool 
fiber, and fire-retardant-treated cel- 
lulose are commonly used in attic 
floors because they are inexpensive 
and leave few voids and no gaps be- 
tween pieces. The material is blown 
into place through a large hose. Lev- 
els of insulating value can be adjusted 
by regulating the depth of the insu- 
lation (Figure 17.16). Because of its 
method of delivery, this material is 
also used commonly to retrofit the 
walls of uninsulated houses by blow- 
ing it through holes drilled in the 
siding. 

Rigid board insulation is commonly 
used where a high R-value per unit 
thickness is required or where insula- 
tion is used to support another mate- 
rial. Its use is common in some roof 
assemblies, in walls or ceilings where 
insulation thickness is limited, and 
for superinsulated walls. It is also used 
effectively as a continuous layer to 


minimize thermal bridging through 
studs or rafters (Figure 17.4). Some 
types whose composition is water 
resistant are also used below grade 
(Figure 17.17). However, problems 
with termites and carpenter ants in 
subsurface rigid foam have prompted 
code officials in regions with high con- 
centrations of these pests to require 
that below-grade rigid insulation have 
both an insect-proof break such as 
flashing and a means of inspection for 
termite tubes. Most rigid foam board 
insulation is available in 2- or 4-foot- 
wide sheets, 8 feet long (0.6 or 1.2 m 
wide by 2.4 m long). Thickness varies 
in %inch increments from % inch to 
2 inches (13 to 50 mm). 

Spray foam insulation has become 
much more widespread in recent 
years because of its high R-value com- 
bined with its ability to provide an 
extremely effective air barrier (Fig- 
ure 17.18). This polyurethane foam 


insulation is sprayed as a liquid into 
framing cavities where it adheres to 
the surfaces and expands to fill the 
cavity, effectively sealing any air gaps. 
The expanded foam is more stable 
than the wood to which it adheres 
and does not off-gas over time. There 
are two basic types of spray foam 
insulation—closed cell and open cell. 
Closed-cell spray foam insulation has a 
higher R-value (up to 6.0 per inch) 
and is more dense (about 2 pounds 
per cubic foot) than the open-cell 
type. Open-cell spray foam insulation 
typically weighs only about a quar- 
ter to a third as much as the closed- 
cell type, but the R-value is more than 
half—usually about 3.5 per inch. 
Open-cell spray foam is more perme- 
able to vapor than closed-cell foam. 
In warmer regions, radiant bar- 
ners are increasingly used in roofs 
to reduce the flow of solar heat into 
the building. These are thin sheets 


FIGURE 17.16 
Blowing loose-fill glass fiber insulation into an attic space. A vapor retarder has been installed above the drywall ceiling, which sup- 

ports the insulation. Vent spacers have been installed at the eaves to prevent the insulation from blocking eave vents (Figure 17.26). 
(Courtesy of Owens-Corning Fiberglass Corporation) 


FIGURE 17.17 

Following completion of the exterior 
siding, a worker staples a glass fiber 
reinforcing mesh to the foam insulation 
on the exposed portions of the basement 
wall. Next, he will trowel onto the mesh 
two thin coats of a cementitious, stucco- 
like material that will form a durable, 
attractive finish coating over the foam. 
(Courtesy of Dow Chemical Company) 
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(a) 


FIGURE 17.18 


(b) 


(a) A worker spraying open-cell spray foam insulation (polyicynene). At the time of spraying, the components are dense liquids, 
but they react immediately with one another to produce a low-density foam. This insulation is expensive as compared to glass wool 


batts, but it has a slightly better R-value, and it does an excellent job of sealing against infiltration. Spray foam insulation is gain- 


ing favor with builders and owners with a green agenda. The foam is inert once in place, but the workers who apply it must wear 


protective clothing and a respirator because the fumes and dust are dangerous to breathe while the foam is being applied. (b) The 
equipment and materials to apply spray foam insulation constitute a small factory on wheels. (Photos by Rob Thallon) 


or panels faced with a bright metal 
foil that reflects infrared radiation. 
Most types of radiant barriers are 
made to be installed over the rafters 


and beneath the sheathing with an 
airspace between the barrier and the 
sheathing. They are therefore put 
in place during the framing of the 


building. Radiant barriers are used 
in combination with conventional 
insulating materials to achieve the 
desired overall thermal performance. 
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How MuwcH INSULATION? 


Most houses built in the 1950s and 
earlier were not insulated or were in- 
sulated to very low standards. From 
the 1950s through the 1970s, there 
was increasing awareness of the value 
of insulation, and many codes incor- 
porated insulation standards. Before 
the rapid rise in energy costs in the 
mid-1970s, code-specified insulation 
values generally did not exceed the 
amount of insulation that could fit 
within the thickness of a standard 
2 x 4 stud wall. With rising energy 
costs, however, economic analyses 
indicated the strong desirability of 
insulating buildings to R-values well 
beyond those that could be achieved 
by merely filling the available voids 
in the framing. In an effort to reduce 
consumption of nonrenewable fossil 
fuel resources, building codes began 
to specify higher minimum insulat- 
ing values for walls, ceilings, windows, 
and basement walls. Stringent energy 
codes are now incorporated into most 
building codes in the United States 
and Canada. Generally, higher levels 
of insulation are required in more se- 
vere climates (Figure 17.19), although 
political boundaries can also affect 
code specifications. California, for ex- 
ample, has a milder climate but more 
stringent insulation requirements 
than any of the states bordering it. 


FIGURE 17.19 

United States, January mean minimum 
temperature (°F). Maps like this that 
indicate the coldest temperature during 
an average winter are used by building 
code officials to determine the required 
levels of thermal insulation according 
to geographic location. (Source: National 
Atlas compiled by the U.S. Geological 

Survey in 1965) 


The widespread concern for en- 
ergy efficiency has led to experimen- 
tation at the building site and the 
manufacturing plant alike. Insulating 
sheathing materials and 2 x 6 (38 x 
140 mm) exterior wall studs have 
become widely accepted in the build- 
ing industry in North America (Fig- 
ures 17.3 and 17.4), as have exterior 
and interior insulation systems for 
basements. Energy-efficient framing 
techniques that maximize the per- 
formance of the thermal envelope 
(Figures 17.8 to 17.10) are becoming 
common. Preservative-treated wood 
foundations (Figures 8.35 and 8.36), 
which are easily insulated to high 
R-values, are gaining increasing ac- 
ceptance. Other methods of adding 
extra insulation to platform frame 
buildings such as the double-framed 
walls illustrated in Figure 17.20 are 
not yet standard practice but are rep- 
resentative of current experimenta- 
tion by designers and building con- 
tractors in the colder regions of the 
United States and Canada. 

Manufacturers of glass fiber in- 
sulating batts have responded to the 
call for better-insulated buildings by 
producing high-density batts whose 
R-value per inch of thickness is sub- 
stantially higher than that of conven- 
tional batts (Figure 17.14). A 34-inch 
(89-mm) batt of this material has a 
total R-value of 15 (104). When this 


resistance is added to that of the inte- 
rior wall finish, sheathing, and siding, 
it is often possible to meet the legal 
requirement for an R-19 wall while 
using ordinary 2 x 4 studs. Other 
high-efficiency methods for insulating 
framing cavities include foamed-in- 
place plastics (Figure 17.18) and high- 
density blown cellulose, which insulate 
at the same time as they seal any holes 
in the framing created by wires, pipes, 
ducts, and material irregularities. 


INSTALLATION OF 
INSULATION 


Insulation is usually installed in the 
house by a subcontractor after the 
plumbing, heating, wiring, and all 
other utilities are in place. 


Batt Insulation 


Common batt insulation for an en- 
tire house can be installed in a day or 
two by a small crew. Unfaced batts are 
pushed between framing members 
and remain in place by friction. If the 
insulation is faced, the facing is sta- 
pled to the framing (Figure 17.15d-d). 
Batts are cut with a utility knife to fit 
into irregular spaces and around utili- 
ties such as electrical boxes. When the 
insulation is not faced with a vapor 
retarder, the insulation subcontractor 
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The horizontal 2x 3 or 2x4 
(38 x 64mm or 

38 x 89 mm) spacers 

create space for an 
additional layer of 
insulation, and minimize 
cold bridging through the 
framing lumber 
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The vapor retarder is 
placed over the frame 
before the spacers are 
attached. This minimizes 
seams in the vapor 
retarder and eliminates 
puncturing of the vapor 
retarder by electrical 
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DOUBLE WALLS 


With the two framing methods shown here, the walls can be insulated to any desired level of thermal resistance. 


may also be responsible for adding a 
polyethylene vapor retarder over the 
batts (Figure 17.15¢). 


Attic Insulation 


It is very common in both new and 
older buildings to insulate ceilings 
from the attic above using blown-in 


loose-fill insulation. The popcorn- 
sized bits of glass fiber or rock wool 
insulation fill in around framing 
members, wiring, and vent pipes to 
minimize the voids that would be in- 
evitable if batt insulation were used in 
this location. Fire-retardant-treated 
cellulose is an effective alternative to 
mineral wool insulation. The depth 


of insulation and therefore the R- 
value of the installation can be eas- 
ily controlled. The loose fill material 
is blown through a large hose con- 
nected to the delivery truck (Fig- 
ure 17.16). Because this insulation is 
supported by the finish ceiling, it is 
installed later in the construction pro- 
cess than the batt insulation in walls. 
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FIGURE 17.21 
To avoid the discomfort and inefficiency of working overhead in a cramped crawl- 


space, first-floor insulation over a crawlspace is usually installed from the top, before 


subfloor sheathing is applied. Insulation is supported on netting or strips attached to 
the bottoms of the floor joists. These fibrous batts should be adjusted and fluffed up 
so that they provide a full thickness of insulation at all points. (Photo by Rob Thallon) 


Floor Insulation 
over a Crawlspace 


Floor insulation over crawlspaces is 
often installed before the subfloor- 
ing is installed, when the joist spac- 
es are easily accessible from above 
(Figure 17.21). After the plumbing 
and heating ducts are installed in 
the floor, one of a variety of sup- 
port mechanisms (wires, lath, net- 
ting) is attached to the underside 
of the floor joists, and the batts are 
dropped in from above. This opera- 
tion requires an extra trip to the 
job site for the insulation subcon- 
tractor, but so much labor and dis- 
comfort are saved by installing the 
insulation from above rather than 


below that it is generally worth the 
tradeoff. 


Slab and Basement 
Rigid Insulation 


Rigid insulation at the perimeter of 
slabs or at the exterior of basement 
walls is installed at the time the foun- 
dation work is done—often by the 
foundation subcontractor or the gen- 
eral contractor (Figures 17.13 and 
8.42). This is because the insulation 
must be in place before the founda- 
tion is backfilled, and its installation 
is a relatively simple task. The fram- 
ing crew will occasionally install rigid 
insulation in special situations as well. 


CONTROL OF 
WATER VAPOR 


Water Vapor and 
Condensation 


Water exists in three different physi- 
cal states, depending on its tempera- 
ture and pressure: solid (ice), liquid, 
and vapor. Water vapor is an invisible 
gas that is always present in air. The 
higher the temperature of the air, 
the more water vapor it is capable of 
containing. At a given temperature, 
the amount of water vapor the air ac- 
tually contains, divided by the maxi- 
mum amount of water vapor it could 
contain, is the relative humidity of the 
air. Air at 50 percent relative humid- 
ity contains half as much water vapor 
as it could contain at the given tem- 
perature. 

If a mass of air at 50 percent 
relative humidity is cooled, its 
relative humidity rises. The amount 
of water vapor in the air mass has 
not changed, but the ability of the 
air mass to contain water vapor has 
diminished because the air has be- 
come cooler. If the cooling of the air 
mass continues, a temperature will 
be reached at which the humidity 
is 100 percent. This temperature is 
known as the dew point. A roomful of 
very humid air has a high dew point, 
which is another way of saying that 
the air in the room would not have 
to be cooled very much before reach- 
ing 100 percent humidity. A roomful 
of dry air has a low dew point. It can 
undergo considerable cooling before 
it reaches saturation. 

When a mass of air is cooled be- 
low its dew point, it can no longer 
retain all of its water vapor. Some of 
the vapor is converted to liquid water, 
usually in the form of fog. The further 
the air mass is cooled below its dew 
point, the more fog will be formed. 
The process of converting water va- 
por to liquid by cooling is called con- 
densation. Condensation takes place 
in buildings in many different ways. 
In winter, room air circulating against 


a cold pane of glass is cooled to be- 
low its dew point, and a fog of water 
droplets forms on the glass. If the air 
is very humid, the droplets will grow 
in size, then run down the glass to ac- 
cumulate in puddles on the window 
sil. On a hot, humid summer day, 
the moisture in the air in the vicin- 
ity of cold water pipe or a cool base- 
ment wall will condense in a similar 
fashion. 

In an insulated wall or roof as- 
sembly, condensation can become a 
serious problem under wintertime 
heating conditions. The air inside 
the building is at a higher tempera- 
ture than the air outside and usually 
contains much more water vapor, 
especially in rooms where cooking, 
bathing, or washing takes place. 
Indoor air leaking through the as- 
sembly toward the outside becomes 
progressively cooler and reaches its 
dew point somewhere inside the as- 
sembly, almost always within the ther- 
mal insulation (Figure 17.22). Even 
in places where the air itself does not 
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FIGURE 17.22 

All the components of the wall assembly 

contribute to its overall insulative value. 

The insulation contributes the most and 

is invariably the component within which 
the dew point falls. 


leak through the assembly, water va- 
por can still migrate from indoors to 
outdoors, driven by the difference in 
vapor pressure between the moist in- 
door air and the drier air outdoors. 
When that occurs, the water vapor will 
reach its dew point somewhere within 
the insulation. The result is that the 
insulation becomes wet, and portions 
of it may become frozen with ice. Un- 
der these conditions, the insulating 
value is lost, and the structural mate- 
rials of the roof or wall may become 
wet and subject to decay. Water may 
accumulate to such an extent that it 
runs or drips out of the assembly and 
spoils interior finishes or the con- 
tents of the building. Furthermore, 
when the outside of the assembly is 
later heated by warmer outdoor air 
or bright sunlight, the water begins to 
vaporize again. As it does so, its vapor 
pressure can raise blisters in paint 
films or roof membranes. (Most cases 
of peeling paint on wooden buildings 
are caused not by a poor painting job, 
but by moisture in the wood or lack of 
a vapor retarder on the warm side of 
the wall.) 

Under summertime cooling con- 
ditions in hot, humid weather, the 
flow of water vapor through building 
assemblies can be reversed, as mois- 
ture moves from the warm, damp 
outside air toward the cooler, drier 
air within. This condition is not usu- 
ally as severe as the winter condition 
because the differences in tempera- 
ture and humidity between indoors 
and outdoors are not as great. 
Furthermore, in most areas of North 
America, the cooling season is short 
compared to the heating season, al- 
lowing the designer to neglect the 
summer vapor problem and concen- 
trate on the winter problem. In areas 
of the southern United States, how- 
ever, the summer problem is more 
severe than the winter problem and 
must be solved first. 


The Vapor Retarder 


To prevent condensation inside 
building assemblies, a vapor retarder 
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(often called, less accurately, a 
“vapor barrier”) is installed on the 
warmer side of the insulation layer. 
This is a continuous sheet, as nearly 
seamless as possible, of plastic sheet- 
ing, aluminum foil, kraft paper 
laminated with asphalt, or some 
other material that is highly resis- 
tant to the passage of water vapor. 
The effect of the vapor retarder is 
to diminish the flow of air and va- 
por through the building assembly, 
preventing the moisture from reach- 
ing the point in the assembly where 
it would condense. For buildings in 
most parts of North America, the va- 
por retarder should be placed on the 
inside of the insulation. In humid 
areas where warm weather cooling is 
the predominant problem, these po- 
sitions should be reversed. In some 
mild climates, a vapor retarder may 
not be required at all. 

Like insulation, vapor retarders 
began to receive increased attention 
from designers, builders, and build- 
ing scientists as the need for energy 
conservation grew. There is agree- 
ment that their effectiveness and en- 
ergy-saving value increase as thermal 
insulation levels increase, but there 
is little consensus about their use in 
warm climates. 

Many batt insulation materials 
are furnished with a vapor retarder 
layer of treated paper or aluminum 
foil already attached. However, be- 
cause a vapor retarder attached to 
batts has a seam at each stud that 
can leak significant quantities of 
air and vapor, most designers and 
builders in cold climates prefer to 
use unfaced batts and to apply a 
separate vapor retarder of polyeth- 
ylene sheet with very few seams that 
can be easily taped (Figure 17.15e). 
Alternatively, a vapor retarder that 
is incorporated into paint and ap- 
plied to the finished drywall sur- 
face is becoming popular because 
it has the least first cost. However, 
this method transfers responsibility 
for vapor control from the insula- 
tion subcontractor to the painting 
subcontractor. 
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U.S. PERMS CSI PERMS 

Aluminum foil 

1 mil (0.025 mm) 0.0 0.0 
Built-up roofing 0.0 0.0 
Polyethylene 

6 mil (0.15 mm) 0.06 0.0010 

4 mil (0.10 mm) 0.08 0.0014 
Hot-melt asphalt 

3.5 oz/ft? (1.1 kg/m?) 0.1 0.002 

2 oz/ft? (0.6 kg/m?) 0.5 0.009 
Exterior oil paint, three 

coats on wood 0.3-1.0 0.005-0.017 
Oriented strand board (OSB) 

%s" (12 mm) thick 0.7 0.012 
Brick masonry 

4" (100 mm) thick 0.8 0.014 
Extruded polystyrene (XPS) 

1" (25 mm) thick 0.8-0.11 0.014-0.019 
Expanded polystyrene (EPS) 

1" (25 mm) thick 1.1-5.0 0.019-0.9 
Plywood, exterior glue 7%." 

(12 mm) thick 1.07 0.018 
Interior primer plus one 

coat flat oil paint on plaster 1.6-3.0 0.028-0.052 
Plaster on metal lath 15 0.26 
Gypsum wallboard 

4" (12 mm) thick 38 0.65 


FIGURE 17.23 


Perm ratings for materials commonly used in residential roof and wall assemblies. 


The higher the number is, the more permeable the material. 


The performance of vapor 
retarder materials is measured in 
perms. In the United States, a perm is 
defined by ASTM E96 as the passage of 
1 grain of water vapor per hour through 
1 square foot of material at a pressure 
differential of 1 inch of mercury be- 
tween the two sides of the material. In 
Canada, the CSI perm is measured in 
terms of 1 nanogram per second per 
square meter per pascal of pressure 
difference. One CSI perm is equal to 
57.38 U.S. perms (Figure 17.23). 

When possible, the opposite side 
of the building assembly from the 
vapor retarder should be allowed 
to “breathe,” to ventilate freely by 
means of attic ventilation or topside 
roof vents. This helps prevent stray 


moisture from becoming trapped be- 
tween the vapor retarder and another 
nearly impermeable surface such as a 
plywood roof deck. In a wall, where 
ventilation is not practical, the mate- 
rials opposite the vapor retarder are 
selected to be more permeable than 
the vapor retarder. 


VENTILATION OF CAVITIES 


Historically, the cavities below, above, 
and within the structure of a house 
were passively ventilated by gaps in the 
construction such as the seams between 
sheathing boards. Modern materials 
such as plywood and OSB eliminate 
most of the gaps, and membranes can 


be used to seal cavities to keep out mois- 
ture and other unwanted elements. This 
tightness, however, can also trap mois- 
ture that finds its way into the cavities. 
In wall cavities filled with insulation, a 
vapor retarder combined with a highly 
permeable material at the opposite side 
of the assembly is generally sufficient. 
Larger cavities such as crawlspaces and 
attics, however, contain large amounts 
of air with the potential to hold a great 
deal of moisture. It is therefore gener- 
ally necessary to ventilate these spaces 
and cavities deliberately. 


Attic Ventilation 


Attics are ventilated not only to al- 
low water vapor to escape, but also to 
keep the house cooler in summer by 
preventing the buildup of solar heat 
conducted through the roofing and 
roof sheathing. For attic ventilation, 
it is advantageous to have both low 
(intake) vents and high (exhaust) 
vents. The difference in height of 
these vents causes natural convec- 
tion currents that draw air through 
the spaces, ventilating them. Building 
codes recognize this effect by allowing 
the net ventilation area of roofs to be 
reduced from 1/150 of the area venti- 
lated to 1/300 of the area if vents are 
separated vertically by at least 3 feet 
(90 cm). Under extreme conditions, 
attic ventilation can be increased with 
a thermostatically controlled fan. 

At the eave, the required intake 
ventilation is created by soffit vents or 
Jriee vents. Soffit vents usually take 
the form of a continuous slot covered 
either with insect screening or with a 
perforated aluminum strip made espe- 
cially for the purpose (Figure 17.24). 
Frieze vents are most commonly 
drilled or cut into the frieze blocks be- 
tween rafters and screened with galva- 
nized insect screening (Figure 17.25). 
Care should be taken to ensure that 
a continuous air path is maintained 
between the vents at the eave and 
the exhaust vents higher in the roof. 
Where insulation may shift or expand 
to block the air passage, a vent spacer 
may be required (Figure 17.26). 
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FIGURE 17.24 

A continuous soffit vent made of perforated sheet aluminum 
or galvanized steel permits generous airflow to all the rafter 
spaces but keeps out insects. 


FIGURE 17.25 

Frieze block vents are drilled or notched 
into each frieze block and screened on 

the back side to keep out insects. Vents 

are located near the top of frieze blocks 

to connect with the airspace just below the 
roof sheathing. The collective area of these 
vents is frequently too small and needs to be 
calculated based on formulas stipulated in 
the building codes. (Photo by Rob Thallon) 


FIGURE 17.26 

To maintain clear ventilation passages where 
thermal insulation materials come between 
the rafters, wood blocking may be inserted, 
or vent spacers of plastic foam or wood 
fiber may be installed as shown here. The 
positioning of the blocking or vent spacers 
is shown in Figures 11.38 and 17.29. Vent 
spacers are generally more economical than 
blocking and can be installed along the full 
slope of a roof to maintain free ventilation 
between the sheathing and the insulation 
where the interior ceiling finish material 

is applied to the bottom of the rafters. 
(Courtesy of Poly-Foam, Inc.) 
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FIGURE 17.27 
This building has both a louvered gable vent and a continuous ridge vent to discharge 


air that enters through the soffit vents or frieze block vents. The gable vent is made of 
wood and has an insect screen on the inside. The aluminum ridge vent is designed to 
prevent snow or rain from entering even if blown by the wind. (Photo by Edward Allen) 
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FIGURE 17.28 

Section view of the vent space required by code for roof assemblies insulated with 
fiberglass batts. Ideally, the space should connect with outside air at both top and 
bottom. 


At the high part of the roof, there 
are several common forms of venting 
(Figure 17.27). The continuous ridge 
ventis very effective because it is locat- 
ed at the highest point of the roof and 
is distributed evenly across the entire 
length of the roof. Gable end vents, lo- 
cated high in the wall at opposite ends 
of an attic, can help to create a cross 
draft in a wind. Gable end vents are 
made in a wide variety of shapes and 
sizes to add a decorative feature to 
the end wall. Through-roof vents, which 
resemble inverted cake pans and are 
flashed into the roofing material, of- 
fer a third alternative. These vents are 
commonly used in places such as hip 
roofs when the other venting types 
are impractical. 


Roof Ventilation 


Roof assemblies with insulation be- 
tween the rafters are similar to walls 
with insulation between studs, but 
roofs do not work under the same 
set of circumstances. Insulated roof 
assemblies can have both a higher 
temperature differential between the 
inside and the outside and a highly 
impervious roofing material such as 
preformed metal at the outside of the 
assembly. A roof cavity is also subject to 
the passage of moisture-laden interior 
air through openings such as lighting 
fixtures. This combination makes the 
likelihood of condensation within the 
assembly so great that a ventilation 
space is required to prevent it (Fig- 
ure 17.28). Insulated roof assemblies 
require a l-inch (25-mm) airspace be- 
tween insulation and sheathing. This 
airspace needs to be connected to the 
outside. With low and high vents to 
promote air movement, the air mov- 
ing through this space evaporates any 
moisture that may condense in the 
assembly and helps to prevent heat 
buildup in the summer as well. 


Ice Dams 


Snow on a sloping roof tends to be 
melted by heat escaping through the 
roof from the heated space below. At 


the eave, however, the shingles and 
gutter, which are not directly above 
heated space, can be very cold, and 
the snowmelt can freeze and begin to 
build up layers of ice. Soon an ice dam 
forms, and meltwater accumulates 
above it, seeping between the shin- 
gles, through the roof sheathing, and 
into the building, causing damage 
to walls and ceilings (Figure 17.29). 
Ice dams can be prevented by keep- 
ing the entire roof cold enough so 
that snow will not melt. This is done 
by ventilating the roof continuously 
as described previously with low and 
high vents, or it may be accomplished 
by filling the rafter cavities with rigid 
insulation sufficient to prevent escap- 
ing heat from melting snow during 
the most extreme climatic circum- 
stances. An R-value of 50 is generally 
adequate for this purpose. 


Crawlspace Ventilation 


The crawlspace is a unique cavity, 
trapping air between the insulated 
building above and the moisture- 
laden ground below. Until recently, 
the conventional method for mini- 
mizing condensation in this cavity 
was to provide many vents around the 
perimeter of the space. This strategy 
worked in most cases, but it did not 
inhibit moisture at its main source, 
the soil, and it allowed the introduc- 
tion of additional moisture from hu- 
mid air entering through the vents. 
In the 1970s, vapor retarders on the 
floor of the crawlspace were intro- 
duced, with a corresponding code 


FIGURE 17.29 

Ice dams form because of inadequate 
insulation combined with a lack of 
ventilation, as shown in the top diagram. 
The lower two diagrams show how insula- 
tion, attic ventilation, and vent spacers 
are used to prevent snow from melting 
on the roof. Many building codes also 
require the installation of a strip of 
water-resistant sheet material under the 
shingles in the area of the roof where ice 
dams are likely to form. 
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FIGURE 17.30 
In some climates, it is best to seal a crawlspace shut after it has been thoroughly dried 


out. All seams in and between the floor vapor barrier and wall insulation are taped. 


A sealed crawlspace should be inspected once or twice a year to verify that it remains 
dry. (Courtesy of The Healthy Building Company, Bon Lee, North Carolina) 


reduction in the number of required 
vents. Crawlspace moisture contin- 
ues to be a problem in many regions, 
however, primarily due to the con- 
densation of moisture from warm 
outside air that enters the crawlspace. 
Many builders and building scientists 
now advocate crawlspaces that are to- 
tally sealed and fully insulated. The 
vapor retarder is sealed to insulated 
foundation walls, and a small warm- 
air supply duct coupled with a strate- 
gically placed return vent turns the 
crawlspace into a conditioned mini 
basement (Figure 17.30). 


the homeowner because heating or 
cooling this air will amount to about 
40 percent of the energy bill. 
Accordingly, much attention is 
being given by researchers and con- 
scientious builders and designers to 
reducing air infiltration between the 
outdoors and the indoors of residen- 
tial buildings. This has led to higher 
standards of window and door con- 
struction, increased use of vapor- 
permeable air barrier papers under 
the exterior siding, and greater care 
in sealing around electrical outlets 


and other penetrations of the exteri- 
or wall. With reasonable care given to 
the control of infiltration, a dedicated 
contractor can cut the rate of infiltra- 
tion to approximately one-half air 
change per hour (now the average for 
new residential construction). Even 
this reduced amount, however, can 
account for 30 percent of all heating 
(or cooling) energy costs in severe cli- 
mates (Figure 17.31). By taking spe- 
cial measures to control infiltration, 
the rate can be cut further to 0.2 air 
change per hour (Figure 17.32). 


Air Barriers at the 
Exterior of Wall Framing 


One standard approach to control- 
ling infiltration is to locate a con- 
tinuous air barrier membrane under 
the siding. This is a logical place to 
control infiltration because it has 
few penetrations and because the 
weather barrier and air barrier can 
be one and the same. The most com- 
mon air barrier in use today is a white 
polyolefin sheet material, marketed 
under a variety of trade names as 
“housewrap.” This material, which 
is permeable to water vapor but not 
to liquid water or air, comes in very 
wide rolls—allowing coverage of a 
single-story house in one pass. When 
carefully taped at joints and sealed 
at edges, it makes a very effective air 
barrier (Figures 13.3 and 17.33). 


Component Heat Loss Percentage of Total 
CONTROL OF AIR Floor/foundation 86 15.4 
INFILTRATION Infiltration 171 30.5 
The air leaking into a_ building Roof 35 6.2 
through cracks around windows and Wall 98 17.5 
doors and through gaps in the con- window conduction 170 30.4 


struction is called infiltration. In a 
house designed and built to code, 
but with little concern for the tight- 
ness of the envelope, infiltration can 
account for as much as one air change 
per hour, equivalent to changing the 
entire air volume of the house in 
1 hour. This can be very expensive for 


FIGURE 17.31 

Winter heat loss in an average-sized new two-story house. The figures are based on 

a design temperature differential of 70°F (21°C), so the Btu/hour loss will change, 
depending on the outside temperature, but the Percentage of Total figure will remain 
constant unless one of the components such as infiltration is significantly changed with a 
more efficient design. (Source: Residential Heating and Cooling Loads Component Analysis Final 
Report, Lawrence Berkeley National Laboratory for U.S. Department of Energy, November 1999) 


FIGURE 17.32 
A specialty subcontractor is performing a 


blower door test to measure the level of in- 
filtration in a new house. The test works by 
measuring the amount of energy required 
to create a specific differential pressure at 
an exterior door. (Photo courtesy of Rainbow 
Valley Design and Construction) 


Air Barriers at the Interior 
of the Framing 


The air barrier may also be located 
at the inside of the framing. Here, 
the logical candidates to use as an air 
barrier are the polyethylene vapor 
retarder and the drywall. An advan- 
tage to this approach is that these 
materials are applied to the ceiling 
as well as to the walls, extending the 
coverage beyond that of exterior air 
barriers. The disadvantage to both, 
compared to strategies at the outside 
of the framing, is that the materials 
are not typically continuous. Their 
surfaces are interrupted by walls and 
floors that come in contact with the 
exterior wall of the building. Also, 
they are penetrated by many services 
(mostly electrical boxes) that are not 
present on the exterior surface of the 
building. Nevertheless, effectual air 
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FIGURE 17.33 


Chapter 17 * Thermal Insulation / 429 


Building “wrap” is designed to act as both weather barrier and air barrier. All seams, 


edges, and window and door perimeters must be taped to make an effective air 


barrier. (Photo by Donald Corner) 


barrier systems that combine these 
materials with caulking and gaskets 
have been developed. 

The system that uses drywall as 
an air barrier is called the airtight dry- 
wall approach (ADA). In this approach, 
meticulous attention is given to seal- 
ing all the joints in the drywall panels 
that are used to finish the interior 
walls and ceilings. Compressible foam 
gaskets or sealants are used to elimi- 
nate air leakage around the edges of 
the floor platforms (Figure 17.34). 
Gypsum board is applied to all the 
interior surfaces of the outside walls 
before the interior partitions are 
framed, thus eliminating potential 
air leaks where partitions join the 
outside walls. Gaskets, sealants, or 
special airtight boxes are used to seal 
air leaks around electrical fixtures. 


FIGURE 17.34 

In the airtight drywall approach, foam tape 
gaskets or beads of sealant are applied to 
joints before assembly, greatly reducing air 
leakage through the exterior walls. 
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FIGURE 17.35 


The diagram (a) shows how ventilation air entering the house is heated by warm 


exhausted air as the two streams pass in a heat recovery ventilator. The process pro- 


duces condensate that is drained to the exterior. The photo (b) shows a heat recovery 


ventilator being installed in the attic of a new house under construction. The ductwork 
distributes fresh air to a number of rooms. The roof above the HRV will be insulated 
so that the heat exchange will take place within the envelope of the house. (Photo by 


The use of a polyethylene vapor 
retarder as an air barrier is more 
practical than the use of ADA when 
considering the overall residential 
construction process, because it en- 
ables drywall to be applied and fin- 
ished all in one operation. Special 
care must be taken, however, where 
interior partitions would interrupt 
the vapor retarder, now called an air/ 
vapor barrier (AVB). The usual way to 
accomplish continuity of the AVB in 
these locations is to apply a strip of 
polyethylene to the ends and tops 
of the interior partitions as they are 
being installed. These strips are sub- 
sequently sealed with tape to the 
larger AVB sheet. 


Hybrid Air Barriers 


It is frequently the case that one air 
barrier system is best for the walls, an- 
other for the ceiling, and yet another 
for the floors or foundation. A dif- 
ferent contractor may be responsible 
for each of these, and still another 
for weatherstripping, which seals the 
gaps around windows and doors (see 
Chapter 12) and is an integral part of 
any air barrier system. For these rea- 
sons, air barriers are often ineffective 
unless the general contractor takes 
responsibility for their completeness 
and continuity. 


The Need for Ventilation 


The trend toward tighter envelopes 
has sometimes resulted in houses and 
apartments that exchange so little 
air with the outdoors that indoor 
moisture, odors, and chemical pol- 
lutants build up to intolerable and 
often unhealthy levels. Opening a 


Rob Thallon) 


(d) 


window to ventilate the dwelling in 
cold weather, of course, wastes heat- 
ing fuel, so many designers and build- 
ers install forced-ventilation systems 
that employ heat recovery ventilators 
(HRVs) (Figure 17.35). These devices 
recover most of the heat from the air 
exhausted from the building and add 
it to the outside air that is drawn in. 


BUILDING GREEN WITH 
THERMAL INSULATION 


e Thermal insulating materials are 
probably the most cost-effective, 
planet-saving materials that we use 
in buildings. They increase occupant 
comfort by moderating the radiant 
temperatures of interior surfaces. 
They reduce heating and cooling 
energy requirements to a fraction 
of what they would otherwise be. 
They pay for themselves through 
energy savings in a very short period 
of time. 


(a) 


¢ Cellulose insulation is the most 
environmentally friendly thermal in- 
sulating material. It can be specified 
to contain not less than 85 percent 
recycled material, primarily news- 
papers. Its embodied energy is only 
about 150 Btu/pound. The borate 
compound used to make it fire resis- 
tant is generally not harmful to hu- 
man beings. The binder used to hold 
the cellulose fibers in place is usually 
a simple glue that does not outgas. In- 
stallers should wear breathing protec- 
tion, but the fibers are not known to 
be carcinogenic. 


¢ Glass wool and mineral wool are 
manufactured primarily from waste 
materials, recycled glass and blast fur- 
nace slag, respectively. The embodied 
energy in glass wool is about 13,000 
Btu/pound, but a pound of it goes a 
long way. The binders used in some 
glass fiber insulations give off small 
quantities of formaldehyde, but non- 
outgassing products are available. In 
a large number of scientific studies, 


glass and mineral wools have not 
been shown to be carcinogenic. How- 
ever, they do irritate and congest 
the lungs, and installers must wear 
breathing protection. 

e Polystyrene foam is made from 
petroleum and has an embodied en- 
ergy of about 50,000 Btu/pound. It 
can be made from recycled styrene 
and polystyrene. Expanded polysty- 
rene foam (bead foam) is made using 


C.S.1./C.58.C. 


pentane gas, which is not an ozone- 
destroying substance, as a blowing 
agent. In the past, extruded polysty- 
rene foam was made with chlorofluo- 
rocarbons, which are destroying the 
earth’s ozone layer. Newer blowing 
agents are being developed and used 
that reduce or eliminate this prob- 
lem. These foams present no serious 
health problems to installers or build- 
ing occupants. 
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FIGURE 17.36 

The first building in North America 
certified to “Passive House” standards. 
Constructed in Minnesota, the house 
uses only 15 percent of the energy 

that would be required to heat and 

cool a comparable house built to code 

in the same location. This level of 
performance is achieved through the use 
of extremely high levels of insulation, 
high-quality windows and doors, and 
proper solar orientation in a building 
that is virtually airtight. Houses that meet 
this standard typically do not require a 
conventional heating system. They are 
heated primarily by solar and internal 
gains, and fresh air is supplied through 

a heat recovery ventilator. (© Concordia 
Language Villages) 


¢ Polyisocyanurate foam insulation, 
like expanded polystyrene, is now 
being manufactured with pentane as 
the blowing agent. Polyisocyanurate 
manufactured before 2003 used 
blowing agents that are harmful to 
the ozone layer. 

¢ Polyurethane foam insulation was 
formerly manufactured with ozone- 
depleting blowing agents, which have 
now been phased out. 


MasterFormat Section Numbers for Thermal Insulation 


07 00 00 
07 20 00 


07 21 00 
07 22 00 
07 24 00 
07 25 00 
07 26 00 
07 27 00 


THERMAL and MOISTURE PROTECTION 


Thermal Protection 
Thermal Insulation 
Roof and Deck Insulation 


Exterior Insulation and Finish System 


Weather Barriers 
Vapor Retarders 
Air Barriers 
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SELECTED REFERENCES 
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A set of four guides that outline a com- 
prehensive approach to thermal com- 


Key TERMs AND CONCEPTS 


thermal insulation 

thermal resistance 

R-value 

thermal envelope 

perimeter insulation 

glass fiber batt 

loose-fill insulation 

rigid board insulation 

spray foam insulation 
closed-cell spray foam insulation 
open-cell spray foam insulation 


fort. The guides are based on the logic of 
conservation and are organized accord- 
ing to climatic zones—one guide each 
for cold, mixed humid, hot/humid, and 
hot-dry/mixed-dry zones. Each guide 


radiant barrier 
relative humidity 
dew point 
condensation 
vapor retarder 
perm 

net ventilation area 
soffit vent 

frieze vent 

vent spacer 
ridge vent 


is profusely and clearly illustrated, with 
chapters covering topics from founda- 
tions to painting. 


gable end vent 

through-roof vent 

ice dam 

infiltration 

air change per hour 

air barrier 

airtight drywall approach (ADA) 
air/vapor barrier (AVB) 
weatherstripping 

heat recovery ventilator (HRV) 


REVIEW QUESTIONS 


1. Make a list of four basic types of ther- 
mal insulation and describe their most 
common uses. Can you think of disadvan- 
tages for each type? 

2. What are some alternative ways of insu- 
lating the walls ofa wood light frame build- 
ing to R-values beyond the range normally 
possible with ordinary 2 x 4 studs? 


EXERCISES 


1. Visit a local building supply outlet and 
make a list of the various types of wall in- 
sulation available. What is the R-value of 
each? What would be an appropriate use 
for each type? 


2. Make a section drawing of the meet- 
ing of a wood-framed wall and a vaulted 
wood-framed roof. Detail the section, 
showing the type and location of all in- 
sulation, vapor barriers, air barriers, and 


3. Discuss the use of perimeter insulation 
in very cold climates. 


4. Compare the installation of attic, floor, 
and wall insulation. 


5. Explain the need for a vapor retarder. 
Where in a wall or ceiling should the 
vapor retarder be located? 


ventilation. Have a local expert such as a 
building inspector, architect, or building 
designer review your drawing. 


3. Procure from the local building depart- 
ment a list of insulation requirements for 
your area. Make a cross-sectional drawing 
of an entire house with notes sufficient to 
direct a contractor to comply with the re- 
quirements of the code. 
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6. Why does an attic need to be ventilated? 
Where are the vents best located? 

7. What is the purpose of an air barrier? 
Explain the advantages and disadvantages 
of three types of air barriers. 


4. Make a detailed design for the same 
house that would increase the code- 
required insulation values by 50 percent. 
How exactly would you propose to in- 
crease the insulation for the floor, walls, 
and roof? Would it be more cost effective 
to increase the thickness of the fram- 
ing or to add insulation to the standard 
framing? 
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¢ Selecting a Fireplace 


¢ Planning for Fireplace 
Construction 


¢ The Masonry Fireplace 
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FIREPLACES AND 
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¢ Factory-Built Fireplaces 
Installing Factory-Built Fireplaces 


¢ Freestanding Stoves 


¢ Fireplaces and the Building 
Codes 


¢ How Green Are Fireplaces 
and Stoves? 
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Tn earlier times, every house was built to include at least one fireplace. The fireplace served several 
useful purposes at once: primary heat source, cooking apparatus, and wintertime clothes dryer. Houses 
for the wealthy included a fireplace in almost every room. 

With the advent of modern heating systems and appliances, the functional need for the fireplace 
disappeared. However, the percentage of houses with fireplaces is still quite high. In 2009, 52 percent 
of new single-family houses had fireplaces. We seem to embrace the fireplace for nostalgic reasons. 
There is a primordial attraction to the dancing flames, the smell, and the sound of a crackling fire. 


FIGURE 18.1 

The visual differences between a site-built masonry fireplace 
and a factory-built unit are chiefly apparent at the firebox. A 
masonry fireplace such as this can be made in a wide range of 


FIGURE 18.2 
When building with masonry, the opportunity exists to express 
solidity and craftsmanship at the exterior as well as the interior. 


This chimney is made of long pieces of basalt oriented verti- 


sizes and shapes. (Photo by Rob Thallon) cally except at the top, where horizontal pieces are corbelled to 
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make the transition to a rain cap. (Photo by Rob Thallon) 


SELECTING A FIREPLACE 


Such a wide variety of fireplaces is 
available that their only shared char- 
acteristic is the firebox, the fireproof 
enclosure around the fire itself. 
Within this vast range, the most fun- 
damental choice to be made when 
selecting a fireplace is the choice 
between a traditional masonry fire- 
place and a factory-built metal one. 
The differences between the two 
are significant. Masonry fireplaces 
are heavier than factory-built ones, 
so they need their own foundation. 
They are less efficient as a source of 
heat than factory-built fireplaces, and 
they generally are more expensive. 
For these reasons, in 2008, factory- 
built fireplaces accounted for more 
than 75 percent of fireplaces in new 
construction, up from 56 percent in 
1960. However, there are still plenty 
of traditional masonry fireplaces con- 
structed for people who prefer the so- 
lidity, simplicity, genuine appearance, 
and durability of bricks and mortar. 

Many people choose between ma- 
sonry and factory-built fireplaces on 
the basis of the firebox. The firebox of 
a masonry fireplace, because it is made 
of bricks on-site, can be designed to a 
wide range of shapes and sizes. It can 
be very large or very small. It can be 
tall, shallow, arched, curved, or deco- 
rated inside (Figure 18.1). In addition, 
masonry chimneys can express a solid- 
ity and permanence that cannot be 
achieved with the lightweight wood- 
clad metal flues used with factory-built 
fireplaces (Figure 18.2). 

Although firebox design is lim- 
ited, the factory-built fireplace has 
an advantage over the masonry fire- 
place in almost every other category 
(Figure 18.3). It is considerably less 
expensive than a masonry fireplace 
and is a more efficient source of heat. 
In addition, because all of the com- 
ponents are relatively lightweight, it 
can be installed on a standard wood 
floor structure without requiring ad- 
ditional support (Figure 18.4). The 
one major drawback of factory-built 
fireplaces is that the metallic com- 
ponents are subject to corrosion and 
premature failure. 
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FIGURE 18.3 

Factory-built fireplaces are available in a limited number of 
designs, usually incorporating glass doors. (Courtesy of Midgley’s, 
Eugene, Oregon) 


FIGURE 18.4 
A factory-built wood-burning fireplace bearing on a wood floor 


in its approximate final location. Note the flange on top that will 
receive the round metal flue. (Photo by Rob Thallon) 
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Flue from furnace 
or boiler 


PLANNING FOR 
FIREPLACE 
CONSTRUCTION 


Many planning decisions are involved Clay Sue iner 


in the construction of a fireplace. If 
the fireplace is to be built of masonry, 
a special foundation to support its 
weight must be integrated with the 
foundation of the house, and the 
floor framing must be significantly al- 
tered to provide an opening for the 
fireplace and hearth. For both mason- 
ry and factory-built fireplaces, upper 
floor, ceiling, and roof framing need 
to be adjusted to allow for the pas- 
sage of the chimney. Code-mandated 
clearances to combustible material 
from both fireplace and chimney 
need to be incorporated into the de- 


Smoke shell 


Cast iron damper 


Lintel 
sign of the framing of the house. Firebrick lining 
The location of the fireplace 
within the building deserves care- 
ful consideration. A central location 
is beneficial for solid-fuel-burning 
fireplaces because it promotes tall, 
: : Firebrick 
weather-protected chimneys that im- underfire 


prove draft. A central location also 


minimizes heat loss from the fire to Cast iron ash 


: dump door 
the outdoors. For gas-burning fire- 
places, however, locations at or near Reinforced 
the outer wall that allow short flues concrete 


are advantageous. Most fireplaces re- coal 


quire a hearth that consumes space in 
a room, so room sizes need to be in- 
creased when a fireplace is included. 


Concrete fill 


Concrete block 
walls to footing 


THE MASONRY 
FIREPLACE 


The masonry fireplace can be built 
in an unlimited range of shapes and 
sizes. It can be fitted with gas burn- 
ers to ignite or maintain the fire and 
with a door or heat-circulating de- 
vice to increase efficiency. This flex- 
ibility is part of the attraction of the 
masonry fireplace, but also makes a 
concise description of its construc- 
tion troublesome. For this reason, 
the following account will chronicle 
the most conventional masonry fire- 


place (Figure 18.5). 


FIGURE 18.5 
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A cutaway view of a conventional masonry fireplace. Concrete block masonry is used 
wherever it will not show to reduce labor and material costs. The damper, ash doors, 
and combustion air doors are prefabricated units of cast iron or steel. The flue liners 
are made of fired clay or cast pumice concrete and are highly resistant to heat. The 
flue from the furnace or boiler in the basement slopes as it passes the firebox until it 
adjoins the fireplace flue to keep the chimney as small as possible. 


Design of Masonry Fireplaces 


Ever since fireplaces were first built in 
the Middle Ages, people have sought 
formulas for their construction that 
would ensure that the smoke from 
the fire would go up the chimney 
and the heat into the room, rather 
than the reverse. Surprisingly, to this 
day, there is still disagreement about 
how fireplaces actually work and 
how best to design them. A number 


FIGURE 18.6 7 
The critical dimensions of a con- 
ventional masonry fireplace, keyed 
to the table in Figure 18.7. Dimen- 
sion D, the depth of the hearth, 
is commonly required to be 
16 inches (405 mm) for fireplaces 
with openings up to 6 square 
feet (0.56 m?) and 20 inches (510 
mm) if the opening is larger. The 
side extension of the hearth, E, is 
usually fixed at 8 inches (203 mm) 
for smaller fireplace openings, 
and 12 inches (305 mm) for 
larger ones. 
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of people throughout the ages have 
attempted to approach the problem 
scientifically, while others have taken 
note of the dimensions of fireplaces 
that seem to work reasonably well. 
From this, several general principles 
can be derived. 

The firebox can be designed to 
emphasize the radiation of heat into 
the room or the prevention of smoke 
in the room. As heat production has 
become a less important feature of 


fireplaces, there has been a tendency 
for designers and masons to focus on 
the elimination of smoke. The tables 
of dimensions compiled over the past 
150 years have resulted in recom- 
mendations for the proportions of 
fireboxes that have become increas- 
ingly shorter and deeper than their 
predecessors—resulting in a fire that 
is smaller and farther from the room 
but less likely to smoke (Figures 18.6 
and 18.7). 


Fireplace Opening Flue Lining 
Vertical Inclined 

Minimum Backwall Backwall Rectangular Round 
Height Width Backwall Height Height (outside (inside 
(A) (B) Width (F) (G) (H) dimensions) diameter) 
24" 28" 16"-18" 14" 14" 8%" x 13" 10" 
(610 mm) (710 mm) (405-455 mm) (355 mm) (355 mm) (216 X 330 mm) (254 mm) 
98"_-30" 30" 16"-18" 16" 14" By," x13" 10" 
(710-760 mm) (760 mm) (405-455 mm) (405 mm) (355 mm) (216 X 330 mm) (254 mm) 
98"-30" 36" 16"-18" 99" 14" 8%" x 13" 12" 
(710-760 mm) (915 mm) (405-455 mm) (560 mm) (355 mm) (216 X 330 mm) (305 mm) 
28"-30" 42" 16"-18" 28" 14" 13" x 13" 12" 
(710-760 mm) (1065 mm) (405-455 mm) (710 mm) (355 mm) (330 X 330 mm) (305 mm) 
30" 4g" 18"-20" 39" 14" 13"x 13" 15" 
(815 mm) (1220 mm) (455-510 mm) (315 mm) (355 mm) (330 X 330 mm) (381 mm) 


FIGURE 18.7 


Recommended proportions for conventional masonry fireplaces, based largely on figures given in Ramsey/Sleeper, Architectural 
Graphic Standards, 9th ed., John Ray Hoke, Jr., F-A.LA., Editor, John Wiley & Sons, Hoboken, New Jersey, 1994. 
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Recent reexamination of these 
assumptions has brought to light the 
work of Count Rumford, an American 
expatriate who published formulas in 
the 1790s for fireplaces that were de- 
signed to radiate as much heat as pos- 
sible into the room. The principles 
of the Rumford design are to make 
the firebox tall and shallow, which 
encourages a large fire and brings it 
closer to the room. In addition, the 
side walls of the firebox are splayed 
very broadly toward the room so 
that they radiate more heat into the 
room rather than back into the fire 
(Figure 18.8). Many Rumford-style fire- 
places have been built in the past 30 
years—for their advantages of greater 
heat production and the stately ap- 
pearance of their more vertical and 
statuesque firebox opening (Fig- 
ure 18.9). These experiences have 
shown that the Rumford principles 
create successful fireplaces. 

The design of the flue to create a 
strong draft is an extremely important 
factor in ensuring that the fireplace 
does not smoke. Several general 
principles are clear: (1) The cross- 
sectional area of the flue should be 
about 1/10 to 1/12 the area of the 
front opening of the fireplace, de- 
pending on flue height—larger for 
a shorter flue and smaller for a taller 
one. (2) The chimney should be as 
tall as is practical to produce the larg- 
est possible convective draft. (3) The 
flue should be located in the central 
portion of the building, if possible, 
to avoid the cooling effect on the 
flue of outside air because the hotter 
the flue gases can be maintained, the 
more prone they will be to rise. 


Constructing a 
Masonry Fireplace 


The construction of a masonry fire- 
place is performed by a masonry sub- 
contractor except for the footing (and 
foundation in some cases), which is 
done by the foundation subcontrac- 
tor. The trim around the firebox 
(Figures 18.23 to 18.25) is completed 
by a finish carpenter and/or a tilesetter. 
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FIGURE 18.8 

Plans and sections of the fireplace design developed by Count Rumford 
in 1790. The proportions are based on thermodynamic principles known 
at the time. Compared to Figure 18.6, the Rumford firebox is taller, 
shallower, and more closely aligned with the flue above. 
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FIGURE 18.9 

A modern Rumford-style fireplace. Virtu- 
ally unknown 30 years ago, the Rumford 
masonry fireplace is now common and 
increasing in popularity. (Fireplace design 
by Jim Givens. Photo by Rob Thallon) 
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FIGURE 18.10 


The footing for a masonry fireplace is required to be 12 inches (305 mm) 


deep and 6 inches (152 mm) larger on each side than the fireplace it 


Footing 


supports. Reinforcing steel in the footing provides tensile strength. 
The fireplace foundation, which rests on the footing, is necessary if the 
fireplace is located in a room above a crawlspace or basement. 


Foundation 


The construction of a durable ma- 
sonry fireplace starts with a strong 
footing on solid soil (Figure 18.10). 
In many cases, the footing is continu- 
ous with the footing for the house 
and only gets wider and deeper for 
the fireplace. Most codes call for the 
footing to be 12 inches deep and to 
extend 6 inches beyond the fireplace 


masonry on all sides. Prudent con- 
tractors will place #4 rebar in the fire- 
place footing at 12 inches (305 mm) 
on center in both directions, whether 
it is required or not, to provide ten- 
sile strength in this footing that bears 
the enormous weight of the masonry 
fireplace and chimney above. 

Next, a foundation wall to sup- 
port the fireplace is built up from this 
footing to a level just below the firebox 


floor (Figure 18.10). This wall, which 
passes vertically through the crawl- 
space or the basement, may be made 
of either concrete block masonry or 
poured-in-place concrete. It is tied 
to the footing and reinforced in the 
same manner as the house foundation 
wall. In the case where the house is 
constructed on a slab on grade, there 
is no foundation wall, as the fireplace 
will bear directly on its footing. 
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Firebox and Hearth 


At the level of the firebox, a concrete 
slab to support both the firebox floor 
and the hearth (called “hearth exten- 
sion” in the building code) must be 
cast (Figure 18.11). This slab must 
cantilever to support the hearth and 
must be set at the right level to ac- 
cept the firebrick of the firebox floor 
and the noncombustible finish (such 
as tile) of the hearth. 

The firebox level consists princi- 
pally of an outer masonry loadbear- 
ing structure and an inner receptacle, 
the firebox, to contain and radiate the 
heat of the fire. The firebox (Figure 
18.11) is lined with refractory firebrick 
made of special clays capable of with- 
standing the high temperatures of 
a wood fire. The firebricks are laid 
with very thin joints of a specially 
formulated refractory mortar. The out- 
er masonry at the firebox level may 
be made of any structural masonry 
material and aligns with the founda- 
tion walls below. 

The masonry fireplace facing is 
a special part of the outer masonry 


Firebox walls 


Structural 
masonry 


Firebox floor 


Concrete slab 


Foundation 


FIGURE 18.11 


A concrete slab at the level of the hearth supports the firebox 
floor and the hearth. The firebox floor is lined with fire- 


structure because, along with the fire- 
box, it is exposed to the room after 
the fireplace has been completed. 
The facing is constructed simulta- 
neously with the firebox and may 
be made of exposed brick, stone, 
or concrete masonry to be covered 
later with tile or plaster. The opening 
in this facing must be spanned with 
a lintel or arch to support the ma- 
sonry above. The most conventional 
approach is to use a steel angle as a 
lintel, but an arch will also span the 
opening, provided there is sufficient 
masonry at the sides of the opening 
to contain the thrust of the arch (Fig- 
ure 18.12). 

Incorporated into the firebox are 
the ash dump and the combustion air 
door. The ash dump, located in the 
floor of the firebox, is a cast iron door 
factory-built to the size of a firebrick. 
The ash dump connects to an ash col- 
lection chamber below the firebox via 
an opening cast into the underhearth 
slab. Much more important to the 
operation of the fireplace is the com- 
bustion air door, a recent innovation 
that is usually located near the base 


of the firebox wall (Figure 18.13). 
Now mandated by most codes, this 
operable door brings combustion air 
to the fire from outside the building. 
The external combustion air relieves 
the negative pressure in the house 
caused by the flow of flue gases up 
the chimney. The draft is improved 
because the fire can draw air directly 
from the outside without having to 
pull it through cracks in the build- 
ing envelope. The overall efficiency 
of the fireplace is increased because 
the heated air in the living space is 
not sent up the flue to be replaced 
by cold outside air seeping into the 
house through cracks. 


Damper and Smoke Chamber 


At the top of the firebox is the dam- 
per, a metal flap that seals off the flue 
when the fireplace is not in use (Fig- 
ure 18.14). The damper assembly is 
made of steel or, better, cast iron or 
stainless steel and is sealed to the 
top of the firebox (called the throat) 
with mortar. The flap is controlled by 
means of a handle or rotating knob. 


bricks, and the hearth is usually covered with a noncombusti- 
ble material such as tile or brick. The firebox walls are made 
of firebrick and are independent of the structural masonry 
wall that surrounds them. Total wall thickness at the firebox 
is required by code to be a minimum of 8 inches (203 mm). 


FIGURE 18.12 
The masonry facing of this fireplace has been formed into an 


arch to span the fireplace opening. This rough work will be 
covered with tile. (Photo by Rob Thallon) 
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FIGURE 18.13 

The combustion air doors at the base 
of the firebox wall will supply air to the 
fire through an insulated duct from the 
outside. Most fireplaces have only one 
combustion air supply. (Photo by Rob 
Thallon) 


FIGURE 18.14 

The fireplace damper is installed at the 
base of the smoke chamber. Glass fiber 
insulation is placed around the edges of 
the metal damper to allow it to expand 
without cracking the masonry. (Photo by 
Donald Corner) 
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(d) 
FIGURE 18.15 
In this construction series of a Rumford masonry fireplace, 
the masons were trying to show how rapidly the work could 
be accomplished. (a) At 9:00 a.m. on the first day, precast 
concrete slabs are set on the fireplace foundation to make 
a base for the fireplace and hearth. (b) At 9:50 a.m., the 
firebricks have been laid on the firebox floor, and the firebox 
walls and outer concrete masonry unit (CMU) structural walls 
are being laid. (c) At 10:40 a.m., a single-piece precast fireclay 
throat is mortared to the top of the firebox. (d) At 11:30 
a.m., a two-piece precast fireclay smoke chamber is set over 
the damper. (e) At 3:00 p.m., the chimney emerges through 
the roof. It took about 4 more hours to complete the job, 
including building a scaffold on the roof, tooling joints, and 
cleaning up. (Photos courtesy of Buckley Rumford Co.) 
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FIGURE 18.16 


The damper at the base of the smoke chamber is 


closed when there is no fire to avoid loss of air from 
the room. The smoke chamber is traditionally made of 


bricks, corbelled in to meet the flue. Precast fireclay 


smoke chambers now save considerable labor. 


Above the damper is the smoke 
chamber (Figure 18.16). Its purpose is 
to make a transition from the shape 
of the damper to the shape of the flue 
and to absorb and redirect the down- 
drafts that occur in the flue above— 
preventing them from _ reaching 
the firebox, where they would force 
smoke into the room. The chamber 
is shaped like an inverted hopper. 
Traditionally, it has been made of 
corbelled bricks that are parged with 
plaster to make them smooth. Pre- 
cast fireclay smoke chambers (Fig- 
ure 18.15d) are now available and are 
becoming popular, despite their high 
purchase cost, because they are so 
much faster to install and are there- 
fore less expensive overall. The top of 
the smoke chamber meets the base 
of the flue and provides its structural 
support. 


The main inspection of the fire- 
place for building code compliance 
occurs when the mason has com- 
pleted the smoke chamber. At this 
time, the inspector will check the 
thickness of materials, the structure 
of the lintel or arch support over 
the firebox opening, the installation 
of the damper, and the combustion 


air supply. 


Flue 


Above the smoke chamber, the flue 
and chimney begin (Figure 18.17). 
The flue is the passageway that con- 
veys the combustion gases from the 
fire up to the top of the chimney, 
where they are released into the atmo- 
sphere. The chimney is the masonry 
shaft that contains the flue. Chimneys 
used to be made entirely of bricks 


FIGURE 18.17 

The flue is sized in proportion to the 
firebox opening for maximum draft. The 
chimney supports the flue and must be 
reinforced and tied to the structure in 
high-risk seismic zones. 


parged (plastered with mortar) on the 
inside to make a smooth flue. Today, 
chimneys are made with a flue liner 
surrounded by 4 inches of solid ma- 
sonry. The flue liner is either round 
or rectangular and composed of terra 
cotta or pumice. Round shapes are 
more efficient in conveying flue gases 
but do not fit as efficiently within the 
rectangular format of masonry units. 

Where the flue and chimney pass 
through the floor, ceiling, or roof, the 
code prescribes clearances between 
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the masonry and wood framing to 
minimize the risk of fire. In high-risk 
seismic zones, the code also requires 
that the masonry be tied to the fram- 
ing. This is accomplished with metal 
straps embedded in the masonry and 
screwed to the framing. 


Chimney 


Where the chimney emerges from 
the building, it becomes exposed to 
the weather and must be detailed to 
withstand the forces of nature (Fig- 
ure 18.18). The surface of the chim- 
ney, which can be unfinished concrete 
block when located within the build- 
ing, must be impervious to moisture 
when located at the exterior. Com- 
mon materials for exterior chimney 
surfaces include stucco, tile, brick, 
and stone masonry. Sealers applied to 
the surface of any of these materials 
can increase moisture resistance. 


Flue liner 


Waterproof 
concrete cap 


Masonry chimney 


Flashing at roof 


FIGURE 18.18 
The chimney must be 
flashed as it emerges from 


| 

the roof. A minimum | | 
chimney height of 2 feet 
(610 mm) above any roof 
within 10 feet (3 m) is man- 
dated by code. Tall chimneys || 


The top of the chimney must be 
protected from the weather with a 
cast-in-place concrete chimney cap that 
surrounds the flue and slopes away 
from it in all directions for drainage 
(Figure 18.19). The chimney cap 
should be reinforced with a loop of 
rebar to help prevent it from crack- 
ing. It should be at least 4 inches 
thick at its thinnest point. It is often 
advisable to shelter the flue open- 
ing with a rain cap, a small roof that 
is built above the flue to keep out 
rain and snow. These rain caps, usu- 
ally constructed of masonry or sheet 
metal, can extend the life of a flue by 
minimizing the moisture that enters 
it (Figure 18.20). In areas with high 
fire risk, spark arresters that minimize 
the dispersal of burning cinders are 
part of the typical rain cap assembly. 
Care should be taken when designing 
rain caps to allow easy removal for pe- 
riodic flue cleaning. 
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must be reinforced. 


The intersection between roof 
and chimney must be flashed; this 
is best achieved with standard roof 
flashing plus a_ counterflashing 
embedded into the masonry (Fig- 
ure 18.21). At the upslope side of a 
wide chimney, a cricket is a required 
flashing to shed water around the 
chimney (Figure 18.22). If the chim- 
ney intersects an exterior wall, the 
joint between wall and chimney must 
also be sealed against the penetration 
of the weather. 


Fireplace Finish 


The fireplace, the place of fire, is the 
last part of the assembly to be finished 
but aesthetically the most important 
(Figure 18.23). The noncombustible 
facing around the fireplace is re- 
quired by code to be at least 6 inches 
(152 mm) wide. Common materials 
include brick, ceramic tile, stone tile, 


| 

| 

FIGURE 18.19 

A concrete cap at the top of a masonry chimney 


seals it against the weather. (Photo by Rob Thallon) 


FIGURE 18.20 

The principal function of a 

rain cap is to keep rain out of 

the flue. The rain cap also affords 
the opportunity to decorate the top 
of the chimney, as does this 1985 
example from Portland, Oregon, 
made of fired clay. Rain caps are 
usually made of masonry or metal 
and are most common in regions 
with heavy annual rainfall. Caps are 
also designed to increase the draft 
of flue gases and to prevent sparks 
from escaping into the atmosphere. 
(Photo by Rob Thallon) 


FIGURE 18.22 
A cricket made of 2’s and plywood cov- 


ered with flashing is required above wide 
chimneys in order to direct rainwater 
runoff around the chimney. 


FIGURE 18.23 
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FIGURE 18.21 

Counterflashing is embedded into the 
masonry so that moisture running down 
the surface of the chimney does not get 
behind it. The counterflashing laps over 
flashing that is integrated with the roof- 
ing. It is quite difficult to replace counter- 
flashing, so very durable metals such as 
copper and stainless steel are often used. 


This masonry fireplace is faced with marble and trimmed with a traditional wooden 
fireplace surround painted white. The hearth, also made of marble, is flush with the 
wood floor and almost disappears because the wood and marble are similar colors. 


The dark circle above the firebox contains a chain device that controls the damper. 


(Photo by Rob Thallon) 
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FIGURE 18.24 

Fireplace surrounds and mantels are 
available from millwork suppliers in a 
number of designs. Each is furnished 
largely assembled but is detailed in such 
a way that it can easily be adjusted to fit 
any fireplace within a wide range of sizes. 
(Courtesy of Morgan Products, Ltd.) 


FIGURE 18.25 

This plan drawing shows how the 
fireplace surround trims the gap between 
the firebox masonry and the framing. If 
the surround is made of a combustible 
material like wood, it must be at least 

6 inches (152 mm) from the firebox 
opening. If the noncombustible fireplace 
facing is on the same plane as the finish 
surface of the surrounding wall, as 
shown here, the installation is easiest. A 
section drawing at the top of the firebox 
opening would show similar details but 
would likely include a projecting mantel. 
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Wood surround 


Firebox masonry 
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and stone slabs. A facing material that 
can be finished in a rather smooth 
plane is easier to join to trim materi- 
als at the outer edge and to the fire- 
box at the inner edge. If the facing 
is brick or another masonry material, 
the mason usually constructs it at the 
same time as the firebox. If the facing 
is tile or plaster, a subcontractor usu- 
ally installs it during the interior fin- 
ish phase of construction. The hearth 
is often made of the same material as 
the facing. The mason needs to know 
what the facing and hearth finishes 
will be as the rough hearth and fire- 
box are being built in order to allow 
for the thickness of these materials. 

The noncombustible facing on 
a traditional fireplace is encircled by 
a fireplace surround capped by a man- 
tel. Usually made of wood, the sur- 
round and mantel may be site-built, 
shop-built, or selected from a catalog 
(Figure 18.24). The fireplace sur- 
round typically laps over the facing 
material and trims to the surround- 
ing wall, covering the gap between 
masonry and framing (Figure 18.25). 
The minimum clearance of the sur- 
round from the firebox is mandated 
by code. The projection (depth) of 
a combustible surround and mantel 
is also limited by code if it is within 
12 inches (305 mm) of the fireplace 
opening. 


FACTORY- BUILT 
FIREPLACES 


Factory-built metal fireplaces are 
now much more common than those 
made in the traditional way with 
bricks and mortar. Typically called zero 
clearance because virtually no clear- 
ance is required from the surround- 
ing framing, these fireplaces are 
self-contained, fully insulated units 
that require no masonry whatsoever. 
The vast majority of them are made 
to burn wood or gas, but models that 
burn wood pellets, coal, or oil are 
also available. Factory-built fireplaces 
are typically fitted with glass doors to 
control combustion for efficiency. 
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FIGURE 18.26 

Section of a direct-vent pipe, which 
exhausts combustion products through 
an inner chamber of the pipe and draws 
combustion air into the fireplace or stove 
through an outer concentric chamber of 
the pipe. This concentric pipe arrange- 
ment has several advantages. (1) Only 
one wall penetration is required for both 
incoming combustion air and outgoing 
flue gases. (2) The incoming combustion 
air is preheated for greater combustion 
efficiency. (3) The incoming air reduces 
the surface temperature of the assembly, 
reducing the chance of igniting nearby 
wood construction. 


Wood-burning types are most sim- 
ilar to the masonry fireplace and con- 
sist of an insulated metal firebox with 
arefractory lining (Figure 18.4). Many 
wood-burning models have provisions 
to add a gas lighter or gas log sets. 
Some are equipped with a circulating 
fan that passes air through chambers 
surrounding the firebox and forces 
heated air into the room. Because 
they are designed to burn wood, 
which burns less predictably than gas, 
these fireplaces must generally meet 
the code provisions required of open 
masonry fireplaces. This includes a 
Class A flue, an insulated stainless steel 
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FIGURE 18.27 

A direct vent can be routed (a) horizon- 
tally, (b) up through the wall, or (c) up 
through the roof. 


flue rated for solid-fuel combustion, 
and a noncombustible hearth. 

Gas fireplaces are designed to 
look like a traditional wood-burning 
fireplace with an arrangement of non- 
combustible, artificial “logs” and a gas 
flame positioned to make it appear 
that the logs are burning. In reality, 
a gas fireplace is more like a furnace 
or radiant heater than a traditional 
fireplace. Because the fuel—either 
natural gas or propane—burns very 
cleanly, the required flue is consider- 
ably smaller than that for a compa- 
rably sized wood-burning appliance. 
Most gas fireplaces use either a natural 


FIGURE 18.28 

A horizontally vented direct-vent 
fireplace as viewed from the outside. 
(Photo by Rob Thallon) 


venting system (also called a “B vent,” 
which is similar to a Class A flue but 
smaller and thinner) or a direct venting 
system, which has an inner exhaust 
pipe surrounded by an outer sleeve 
that conducts combustion air from 
the outside to the appliance (Figure 
18.26). A direct vent can pass from 
the rear of the firebox horizontally 
through the wall of the building to the 
exterior, which significantly reduces 
the cost of venting compared to vent- 
ing through the roof (Figures 18.27 
and 18.28). Some gas fireplaces are 
designed primarily for decorative ef- 
fect and burn a minimal amount of 
fuel efficiently enough to be rated as 
vent-free, requiring no exhaust to the 
exterior. Because of potential health 
risks, these units are equipped with 
oxygen depletion sensors and are 
limited by code to installation only 
in rooms with sufficient air volume to 
absorb the byproducts of combustion. 
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Standard wall framing with 
clearances around the fireplace 
and flue as specified by the 
manufacturer 


Approved flue matched to 
the firebox 


Factory-built firebox with 
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A factory-built fireplace supported by standard floor framing. The installation must comply 
with the specifications furnished by the manufacturer or warranties are not valid. The firebox 
must be anchored, clearances must be recognized, and factory-supplied firestops must be in- 
stalled where flues pass through framing. Finish trim is similar to that of masonry fireplaces. 


Installing Factory-Built 
Fireplaces 


The most important consideration 
when installing a factory-built fire- 
place is to follow the specifications 
of the manufacturer. These specifica- 
tions are developed through extensive 
testing by Underwriters Laboratories 
or another testing agency and must 
be followed to the letter in order to 
ensure safety and not to void the war- 
ranty. Units must be anchored to the 
framing, clearances to combustible 


materials must be maintained, and 
factory-supplied firestops must be in- 
stalled where flues pass through fram- 
ing. The framers are responsible for 
leaving a rough opening correspond- 
ing to the size of the specific unit and 
for allowing space for the flue or vent. 
The fireplace and its flue or vent are 
typically installed by a subcontractor 
specializing in this work. 

Most units can be supported 
on standard floor framing with no 
modifications (Figure 18.29). Fram- 
ing for the flue needs to allow for 
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FIGURE 18.30 

A gas-fueled factory-built fireplace with 

a direct-vent flue routed up through 

the middle of the house. The instruc- 
tions and accessories are left inside the 
unit behind the glass door for later use 
during the finish phase of construction. 
Carpenters have installed the fireplace 
and flue, but the gas will be connected by 
a licensed plumber. (Photo by Rob Thallon) 


unobstructed passage of the flue itself 
plus some clearance between flue and 
framing. In the case of wood-burning 
units located on an exterior wall, a 
wooden chimney is often framed 
around the metal flue (Figure 18.31). 
Interior finish around a factory- 
built fireplace is essentially the same 
as that for a masonry fireplace (Fig- 
ures 18.3 and 18.32). However, some 
gas- and oil-burning fireplaces— 
because there is no chance that burn- 
ing embers will pop out of the fire— 
are not required to have a noncom- 
bustible hearth (Figure 18.30). 
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FIGURE 18.32 
A factory-built fireplace trimmed in a traditional style. (Photo by 
Rob Thallon) 


FIGURE 18.31 
A wood-framed enclosure of a metal flue. (Photo by Greg 
Thomson) 


FREESTANDING STOVES 


Freestanding metal and ceramic stoves 
are somewhat similar to factory- 
built fireplaces except that they are 
not built into the structure (Fig- 
ure 18.33). Most require a noncom- 
bustible surface on which to stand. 
Freestanding stoves require rather 
large clearances to surrounding walls 
and floors. For this reason, they oc- 
cupy large amounts of space in a 
house and need to be incorporated 
into the planning of a house at a very 
early date. These stoves are made to 
burn the same fuels as factory-built 
fireplaces, and the flue or venting 
requirements are similar to those of 
factory-built fireplaces. 
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FIGURE 18.33 
A freestanding wood-burning stove. Clearances from the stove to combustible materi- 
als are specified by the manufacturer and mandated by the code. (Photo by Rob Thallon) 
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BRICK FIREBOX AND CHIMNEY— 
SECTIONAL SIDE VIEW ON WOOD FLOOR 


For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm. 


FIREPLACES AND 
THE BUILDING CODES 


Site-built masonry fireplaces are 
strictly regulated by building codes. 
Typically, the codes call for a 2-inch 
(5l-mm) clearance between the 
wood framing and the masonry of 
a chimney or fireplace and a 6-inch 
(152mm) clearance to combustible 
materials around the opening of the 
fireplace. The minimum thickness of 
masonry around the firebox and flue, 
the minimum size of the flue, and the 
minimum extension of the chimney 
above the roof are also specified (Fig- 
ures 18.34 and 18.35). In high-risk 
seismic zones, masonry chimneys 
must be reinforced and structurally 
anchored at each floor, ceiling, and 
roof. Hearth extensions must be 
self-supporting and noncombustible. 


FIGURE 18.34 

This drawing from the International 
Residential Code shows the critical di- 
mensions, elements, and connections for 
a masonry fireplace. The circled letters 
on the drawing refer to the table shown 
in Figure 18.35. (Courtesy of International 
Code Council, Inc.) 


PLAN VIEW 
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Summary of Requirements for Masonry Fireplaces and Chimneys 


Item 
Hearth slab thickness 


Hearth extension (each side of opening) 
Hearth extension (front of opening) 


Hearth slab reinforcing 


Thickness of wall of firebox 


Distance from top of opening to throat 
Smoke chamber wall thickness (unlined walls) 


Chimney 
Vertical reinforcing” 


Horizontal reinforcing 


Bond beams 
Fireplace lintel 


Chimney walls with flue lining 


Walls with unlined flue 
Distances between adjacent flues 


Effective flue area 
(based on area of fireplace opening) 
Clearances: 
Combustible material 
Mantel and trim 
Above roof 
Anchorage? 
Strap 
Number 
Embedment into chimney 
Fasten to 
Bolts 
Footing 
Thickness 
Width 


For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 square foot = 0.0929 m?. 


Letter* 
A 
B 


Requirements 

4" 

8" fireplace opening < 6 ft? 

12" fireplace opening > 6 ft? 

16" fireplace opening < 6 ft” 

20" fireplace opening = 6 ft? 

Reinforced to carry its own weight and all imposed loads. 


10" solid brick or 8" where a firebrick lining is used. 
Joints in firebrick “%" max. 


3" 
6" 
gn 


Four #4 full-length bars for chimney up to 40" wide. 
Add two #4 bars for each additional 40" or fraction of 
width or each additional flue. 


y," ties at 18" and two ties at each bend in vertical steel. 
Noncombustible material. 


Solid masonry units or hollow masonry units grouted 
solid with at least 4" nominal thickness. 


8" solid masonry. 
See Section R1001.10. 
See Section R1001.12. 


See Sections R1001.15 and R1003.12. 
See Section R1001.13. 
3" at roofline and 2" at 10". 


Yeh 1" 
Two 

12" hooked around outer bar with 6" extension 
4 joists 


Two %" diameter. 


12" min. 


6" each side of fireplace wall 


NOTE: This table provides a summary of major requirements for the construction of masonry chimneys and fireplaces. Letter refer- 


ences are to Figure R1003.1, which shows examples of typical construction. This table does not cover all requirements, nor does it 


cover all aspects of the indicated requirements. For the actual mandatory requirements of the code, see the indicated section of text. 


*The letters refer to Figure R1003.1. 


Not required in Seismic Design Category A, B, or C. 


FIGURE 18.35 


Table R1003.1 from the International Residential Code. This table corresponds to the drawing shown in Figure 18.34. 


(Courtesy of International Code Council, Inc.) 
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Regulations for factory-built fire- 
places and flues are largely left to gov- 
ernment-authorized testing agencies 
that are paid by the manufacturer to 
test their units for safety and emis- 
sions control. Once approval is grant- 
ed, the building codes rely on the 
testing agency to specify clearances, 
connections, and methods of instal- 
lation. The code does require that 
flues passing through a floor or ceil- 
ing have a factory-supplied firestop 
and that those passing through living 
spaces be enclosed to avoid contact 
with persons or combustibles. There 
are requirements for hearth exten- 
sions, which are mandated for all 
factory-built wood-burning fireplaces 
but only some gas-burning fireplaces. 

A supply of combustion air to all 
fireplaces, masonry and factory built, 
is now required and regulated by 
code. The location and design of the 
air intake, the minimum cross-sec- 
tional area of the air passageway, and 
the location and design of the inlet at 
the firebox are all regulated by code. 


How GREEN ARE 
FIREPLACES AND 
STOVES? 


¢ When they are not being used, 
fireplaces and stoves can leak large 
quantities of conditioned air to the 
outdoors through badly fitting damp- 
ers, joints in stovepipes, and air in- 
takes. 

e A fireplace can induce large drafts 
of room air to go up the chimney 
when a fire is burning. This problem 
is minimized by introducing ducted 
outdoor combustion air and by ad- 
justing the damper to the smallest ap- 
erture that still draws all the smoke. 


¢ Fuel use efficiencies of stoves and 
fireplaces vary greatly. A convention- 
al fireplace with no doors can con- 
sume more heat than it provides. A 
well-designed fireplace or late-model 
heating stove can burn fuel and heat 
a house fairly efficiently. 


e Air pollution has become a prob- 
lem in many areas where there are 


C.S.I./C.S.C. 
MasterFormat Section Numbers for Materials 


04 50 00 
04 51 00 
04 57 00 
10 30 00 
10 31 00 
10 35 00 
23 83 00 


Refractory Masonry 

Flue Liner Masonry 
Masonry Fireplaces 
Fireplaces and Stoves 
Manufactured Fireplaces 
Stoves 

Gas-Fired Radiant Heaters 


numerous wood-burning stoves and 
fireplaces. Wood smoke, although 
it smells pleasant, contains carbon 
monoxide, tars, and other toxic and 
carcinogenic substances. 


¢ Stoves and fireplaces occupy con- 
siderable space in a building. Rooms 
must be planned around them from 
the start in order to comply with 
building code standards for clearanc- 
es to combustible materials. 


¢ Chimneys should be swept fre- 
quently, depending on use, to remove 
accumulations of creosote, tars, and 
ash. If this is not done, chimney fires, 
which can ignite the wood frame and 
finishes of a house, are likely to occur. 


¢ Chimney sweeping is hazardous 
and dangerous to one’s health be- 
cause of carcinogenic particles that 
enter the air during the process and 
because of the danger of falling from 
rooftops. It is fairly expensive to have 
it done by professionals. 


SELECTED REFERENCES 


1. Amrhein, James E. Residential Mason- 
ry Fireplace and Chimney Handbook (3rd 
ed.). Los Angeles: Masonry Institute of 
America, 2004. 


A compact but thorough reference with 
good photos, drawings, and charts. Both 
design and construction are addressed, 
and the logic of both is explained. 


Kery TERMS AND CONCEPTS 


masonry fireplace 
factory-built fireplace 
Count Rumford 
Rumford fireplace 
draft 

hearth 

firebox 

refractory firebrick 
refractory mortar 
facing 

ash dump 


REVIEW QUESTIONS 


1. What are the advantages and disadvan- 
tages of masonry fireplaces and factory- 
built fireplaces? 


2. What factors contribute to the decision 
about where in a house to locate a fire- 
place? 


EXERCISES 


1. Design and detail a masonry fireplace 
for a building that you are designing, us- 
ing the information provided on page 
439 to work out the exact dimensions, as 
well as the information in Chapter 5 to 
help in detailing the masonry. 


2.Repeat the preceding exercise but with 
a factory-built firebox and flue. How does 
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2. Orton, Vrest. The Forgotten Art of Build- 
ing a Good Fireplace. Dublin, NH: Yankee, 
1969. 


This was the original book that revived 
the Rumford fireplace. It is an interesting 
short book with some very long sentences. 


3. The building regulations regarding 
fireplaces are extremely precise because 


combustion air 
damper 

throat 

smoke chamber 
flue 

chimney 

parge 

flue liner 
chimney cap 
rain cap 

spark arrester 


3. Discuss the differences between a stan- 
dard firebox and a Rumford-style firebox. 


4. Describe the components of a masonry 
fireplace and discuss the important as- 
pects of the construction of each. 


the appearance of the fireplace and chim- 
ney differ from that of the masonry de- 
sign? 

3. Call a local mason and arrange to docu- 
ment the construction of a masonry fire- 
place. Take photographs of each phase 
of construction and make a presentation 
to your class. Does the mason have any 


the dangers are so great. The residential 
code listed in reference 4 of Chapter 1 is 
therefore a logical starting place for any- 
one designing a masonry (or manufac- 
tured) fireplace and an excellent resource 
for the study of fireplace construction. 


cricket 

fireplace surround 
mantel 

zero-clearance fireplace 
Class A flue 

natural venting 

direct venting 

vent-free 

freestanding stove 


5. Compare the qualities of fireplaces 
that require natural-vent, direct-vent, and 
vent-free systems. 


recommendations for construction that 
differ from standard practice? 


4. Visit a local fireplace and stove retailer 
to explore the range of available factory- 
built appliances. Collect brochures and 
share these with your class. Does the re- 
tailer have information on the efficiency 
of models designed to produce heat? 
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INTERIOR 
SURFACES 


¢ Finish Flooring 


Wood Flooring 
Resilient Flooring 


Carpet 
Hard Flooring Materials 


¢ Building Green with 
Gypsum Products 
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WALL AND CEILING FINISH 


The first finish operation, the applica- 
tion of a smooth, continuous surface 
to the inside of the wall studs and ceil- 
ing joists, is one of the most dramatic 
and satisfying stages in the construc- 
tion of a house. The planes that de- 
fine the rooms suddenly emerge from 
the confusing complexity of the raw 
frame, and the spaces of the house 
are revealed for the first time. The 
most popular finishes by far for walls 


Interior 
casing 


Stud framing 


Door jamb 


ey 


Jamb depth 


Insulation 


jsf r=— Sheathing 


Siding 
Exterior 
casing 
FIGURE 19.1 

The exposed face of the drywall or other 
finish wall surface creates a plane to 
which interior casing and other trim is 
applied. The depths of door and window 
jambs are made to equal the total thick- 
ness of the wall, including sheathing, 
framing, and interior finish, so that inte- 
rior casing can cover both the inner edge 
of the jamb and the wall surface. 
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Finishing the interior of a house is a complex and time-consuming 
phase of construction that requires careful attention to detail. 
Finishing operations typically begin with subcontractors who install 
drywall, hardwood flooring, and tile. They are followed by finish 
carpenters who install doors, set cabinets, and apply interior trim. As 
completion draws near, carpet and vinyl flooring are installed, and 
the plumber, electrician, and heating/cooling contractor make final 
visits. Painters come and go throughout the process as necessary. All 
of these workers must be scheduled in a carefully ordered sequence 
that varies somewhat from one building to another, depending 
primarily on the materials used, the finish details specified, and the 
availability of the workers and supplies (Figure 1.31). 


and ceilings are the gypsum wallboard 
systems, including gypsum drywall and 
veneer plaster. Indeed, over 90 per- 
cent of residential interior surfaces in 
North America are finished in this way. 
Other prevalent finish systems include 
sheet paneling, board paneling, and tile. 

The wall and ceiling finish sys- 
tem is applied to the interior plane of 
the framing and creates a new plane 
to which molding and other trim is 
applied (Figure 19.1). The designer 
will have specified window and door 
casings to align with this new plane, 
and electrical boxes will have been 
installed to be flush with this finish 
surface. If more than one wall fin- 
ish system is used in a house (such 
as a wainscot at the base of a gypsum 
board wall), it is more convenient if 
the thickness of both materials is the 
same so that moldings straddling the 
two materials can be simple. 


Gypsum Board Systems 


Plaster-type finishes have always been 
the most popular for walls and ceil- 
ings in wood frame buildings. Their 
advantages include a_ substantially 
lower installed cost than any other 
type of finish, a unique ability to pro- 
vide a seamless surface that can be 
either painted or wallpapered, and 
a degree of fire resistance that offers 
considerable protection to a combus- 
tible frame (Figure 19.2). 

Three-coat plaster applied to 
wood strip lath was the prevalent wall 


and ceiling finish system until World 
War II, when gypsum board came into 
widespread use because of its lower 
cost, more rapid installation, and 
utilization of less skilled labor. Cur- 
rently, there are two popular systems 
that use gypsum board panels as a 
base. The most common is colloqui- 
ally called drywall, in which the pan- 
els are finished only at the edges with 
a plaster-like joint compound. The 
other system is called veneer plaster or 
thincoat, in which the entire panel is 
covered with a thin coat of plaster. 
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FIGURE 19.2 

The effect of fire on gypsum, based on 
data from Underwriters Laboratories. 
After a 2-hour exposure to heat following 
the ASTM E119 time-temperature curve, 
less than half of the gypsum on the side 
toward the fire, shown here by shading, 
has calcined (dehydrated). The portions 
of the gypsum to the right of the line of 
calcination remain at temperatures below 
the boiling point of water. 


Gypsum Board 


Gypsum board is a_ prefabricated 
plaster sheet material that is manu- 
factured in widths of 4 feet (1220 
mm) and lengths of 8 to 14 feet 
(2440 to 4270 mm). It is also known 
as “gypsum wallboard (GWB),” “plas- 
terboard,” and “drywall.” (The term 
“sheetrock” is a registered trade- 
mark of one manufacturer of gyp- 
sum board and should not be used 
in a generic sense.) Gypsum board 
is the least expensive of all interior 
wall and ceiling finishing materials. 
For this reason alone, it has found 
wide acceptance throughout North 
America in buildings of every type. 
Among its other advantages are that 
it is durable and light in weight com- 
pared to many other materials, it 
resists the passage of sound better 
than most materials, and it is highly 
resistant to the passage of fire. It 
is installed with minimal labor by 
semiskilled workers and can be fash- 
ioned into surfaces that range from 
smooth to heavily textured. Finally, 
because it is installed largely in the 
form of dry materials, it eliminates 
some of the waiting that is associated 
with the curing and drying of tradi- 
tional plaster on lath. 

The core of gypsum board is 
formulated as a slurry of calcined 
gypsum, starch, water, pregenerated 
foam to reduce the density of the 
mixture, and various admixtures. 
This slurry is sandwiched between 
special paper faces and passed be- 
tween sets of rollers that reduce it 
to the desired thickness. Within 2 or 
3 minutes, the core material has 
hardened and bonded to the paper 
faces. The board is cut to length and 
heated to drive off residual mois- 
ture, then bundled for shipping 
(Figure 19.3). In recent years, a 
gypsum board with no paper faces 
has come into production. The gyp- 
sum slurry from which the board is 
made contains an admixture of cel- 
lulose fibers that greatly strengthen 
the hardened material, making pa- 
per faces unnecessary. 


FIGURE 19.3 
Sheets of gypsum board roll off the manufacturing line, trimmed and ready for 
packaging. (Courtesy of United States Gypsum Company) 


Types of Gypsum Board 


Gypsum board is manufactured in a 
number of different types in accor- 
dance with ASTM C36. 


¢ Regular gypsum board is used for the 
majority of applications. 

© Water-resistant gypsum board, a spe- 
cial board with a _ water-repellent 
paper facing and a moisture-resistant 
core, is used in locations exposed to 
moderate amounts of moisture such 
as bathrooms and kitchens. 


e Type X gypsum board is required by 
the building code for many types of 
fire-rated assemblies. The core ma- 
terial of Type X board is reinforced 
with short glass fibers. In a severe fire, 
the fibers hold the calcined gypsum 
in place to continue to act as a bar- 
rier to fire rather than permitting it 
to erode or fall out. 

° Ceiling board is a high-strength 
board developed for use in ceilings 
with widely spaced joists where reg- 
ular gypsum board would sag over 
time. Ceiling board % inch thick has 
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strength roughly equivalent to that of 
¥%-inch regular board. 


e Foil-backed gypsum board can be 
used to eliminate the need for a sepa- 
rate vapor retarder in outside wall as- 
semblies. If the foil faces an airspace, 
it also adds R-value. 


e Veneer plaster base board, also called 
“blueboard” because of its color, has 
a high-density gypsum core and an 
absorbent paper face that is treated 
with a catalyst to speed the curing 
of veneer plaster applied to it. Ve- 
neer plaster is discussed later in this 
chapter. 


Gypsum board is manufactured 
with a variety of edge profiles. The 
most common by far is the tapered 
edge, which permits sheets to be 
joined with a flush, invisible seam by 
means of subsequent joint finishing 
operations (Figure 19.4). Many dif- 
ferent thicknesses of board are pro- 
duced, ranging from % inch (3 mm) 
to %4 inch (20 mm). The most com- 
mon thickness for residential work is 
% inch (13 mm). 
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Installing Gypsum Board 


Gypsum board may be installed using 
either screws or nails to fasten it to the 
framing. If the framing lumber is not 
dry, it will usually shrink somewhat 
after the board is installed, which 
can cause nails to loosen slightly and 
“pop” through the finished surface 
of the board (Figure 19.5). Nail pop- 
ping can be minimized by using only 
fully dried framing lumber, using 
the shortest nail that will do the job, 
and using ring-shank nails that have 
extra gripping power in the wood. 
Screws have less of a tendency to 
pop than nails. When screws or nails 
are driven into gypsum board, their 
heads are driven to a level slightly be- 
low the surface of the board but not 


Gypsum board 


Wood stud 


Tapered edges 
allow for the 
thickness of the 
tape and joint 
compound: 


far enough to tear the paper surface. 
Adhesive is sometimes applied to the 
edges of the studs before the gypsum 
board is applied and fastened in or- 
der to make a stronger joint. To mini- 
mize the length of joints that must 
be finished, and to create the stiffest 
wall possible, gypsum board is usually 
installed with the long dimension of 
the boards horizontal. The longest 
possible boards are used to eliminate 
or at least minimize end joints be- 
tween boards, which are difficult to 
finish because the ends of boards are 
not tapered. Gypsum board is cut rap- 
idly and easily by scoring one paper 
face with a sharp knife, snapping the 
brittle core along the score line with 
a blow from the heel of the hand, and 
cutting the other paper face along 


First application 
of joint 
compound 


Second 
application of 
joint compound 


Third application 
of joint 
compound 


the fold created by the snapped core 
(Figure 19.6). Notches, irregular 
cuts, and holes for electric boxes are 
made with a small saw. 

Trim accessories of metal or plas- 
tic are required at exposed edges 
and external corners to protect the 
brittle board and present a neat edge 
(Figure 19.7). These are installed 
by the wallboard hanger (the worker 
who attaches the wallboard to the 
framing) at the same time as the wall- 
board. Trim accessories are also used 
with veneer plaster, in which case 
they are designed to act as lines that 
gauge the proper thickness and plane 
of plaster surface. A straightedge may 
be run across them to level the wet 
plaster. In this role, the trim accesso- 
ries are known collectively as grounds. 


FIGURE 19.4 
Finishing a joint between panels of 
gypsum board. 


Stud at 19% 
moisture content 


Stud at 10% 
moisture content 


FIGURE 19.5 

When wood studs dry and shrink during 
a building’s first heating season, nail 
heads may pop through the surface of 
gypsum board walls. 
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(d) 


FIGURE 19.6 
Cutting gypsum board: (a) A sharp knife and metal T-square are used to score a straight line through one paper face of the panel. (b) The 
scored board is easily “snapped” and the knife used a second time to slit the second paper face. (Courtesy of United States Gypsum Company) 


FIGURE 19.7 

Stapling a metal corner bead to an external corner to create a 
straight, durable finished edge. (Courtesy of United States Gypsum 
Company) 
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FIGURE 19.8 


Gypsum board can be curved to a large radius simply by bending it around a 
curving line of studs. (Courtesy of United States Gypsum Company) 


Gypsum board can be curved when 
a design requires it. For gentle curves, 
the board can be bent into place dry 
(Figure 19.8). For somewhat sharper 
curves, the paper faces are moistened 
to decrease the stiffness of the board 
before it is installed. When the paper 
dries, the board is once again as stiff 
as before. Special high-flex ™%4-inch 
(6.5-mm) board can be bent dry to a 
relatively small (5-foot) (1.5-m) radius 
and bent wet to an even smaller radius. 
It is usually installed in two layers to 
achieve a total thickness of % inch. 


Drywall Finishing System 


In the drywall system, the applied 
gypsum board remains exposed, but 
joints and fasteners are finished to 
create the appearance of a mono- 
lithic surface, indistinguishable from 
traditional plaster (Figure 19.9). 
In the finishing process, a smooth, 


FIGURE 19.9 

Drywall after the nails and 
joints have been finished. 
The narrow vertical patches 
cover nail heads at studs. 
The horizontal bands 

are finishing of the long 
tapered edges of gypsum 
board. By using 12-foot-long 
boards, very few square- 
cut short ends of gypsum 
board need to be finished. 
(Photo by Rob Thallon) 


sticky plaster called joint compound 
(and fondly referred to by workers as 
“mud”) is used. Ordinary joint com- 
pound dries by evaporation. It is a 
mixture of marble dust, binder, and 
admixtures, furnished either as a dry 
powder to be mixed with water or as 
a premixed paste. For most purposes, 
this all-purpose joint compound is 
adequate, but two-component, fast- 
setting joint compounds are available 
for high-production operations. 

The finishing of a joint between 
panels of gypsum board begins with 
the troweling of a layer of joint com- 
pound into the tapered edge joint and 
the bedding of a paper reinforcing tape 
in the compound (Figures 19.10 and 
19.11). Compound is also troweled 
over the indentations made by nails 
or screws. After overnight drying, a 
second layer of compound is applied 
to the joint, to bring it level with the 
face of the board and to fill the space 
left by the slight drying shrinkage of 
the joint compound. When this sec- 
ond coat is dry, the joints are lightly 
sanded before a very thin final coat 
is applied to fill any remaining voids 
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FIGURE 19.10 
Applying paper joint reinforcing tape to gypsum board. 
(Courtesy of United States Gypsum Company) 


FIGURE 19.12 

To obtain a smooth surface, three applications of joint com- 
pound are required, each of which is sanded after it has dried. 
Stilts allow workers to reach the ceiling without ladders or scaf- 
folding. (Photo by Rob Thallon) 


FIGURE 19.11 

An automatic taper simultaneously applies tape and joint com- 
pound to gypsum board joints. (Courtesy of United States Gypsum 
Company) 
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and feather out to an invisible edge. 
Before painting, the wall is again sand- 
ed lightly to remove any roughness or 
ridges. If the finishing is done prop- 
erly, the painted or papered wall will 
show no visible signs that it is made of 
discrete panels of material. 

Gypsum board has a smooth sur- 
face finish, but a number of spray-on 
textures and textured paints can be 
applied to give a rougher surface. 
Most gypsum board contractors pre- 
fer to apply a texture to mask the 
minor irregularities in workmanship 
that are likely to occur. Texturing also 
hides the slight surface differences 
between the paper of the gypsum 
board and the smoothly sanded joint 
compound (Figure 19.13). 


Veneer Plaster 

Finishing System 

Veneer plaster (also called thincoat) 
is a one-coat system that uses gypsum 


FIGURE 19.13 
Drywall texture can be sprayed or hand applied. The texture helps to hide imperfections in the work. (Courtesy of United States 


Gypsum Company) 


board as a base but produces a much 
harder, more durable surface. The 
gypsum board base, the fasteners, 
and the edge trims are essentially the 
same as those of drywall, and the tape 
between panels is a fiberglass mesh in- 
stead of paper. The similarities stop 
here, however, because, instead of 
covering just the fasteners and the 
joints between panels with joint com- 
pound, as drywall does, veneer plaster 
covers the entire wall or ceiling with a 
coat of plaster approximately % inch 
(3 mm) thick. The plaster cures by 
hydration rather than evaporation and 
forms surfaces whose quality and du- 
rability are superior to those of dry- 
wall, at comparable prices. 

The application of veneer plas- 
ter is more difficult than finish dry- 
wall joints, but in geographic areas 
where there are plenty of skilled 
plasterers, veneer plaster captures a 
substantial share of the market. Ap- 
plication of plaster is done by hand 
with two very simple tools: a hawk in 


one hand to hold a small quantity of 
plaster ready for use and a trowel in 
the other hand to lift the plaster from 
the hawk, apply it to the surface, and 
smooth it into place (Figure 19.14). 
Plaster is transferred from the hawk 
to the trowel with a quick, practiced 
motion of both hands, and the trowel 
is moved up the wall or across the 
ceiling to spread the plaster, much 
as one uses a table knife to spread 
soft butter. After a surface is covered 
with plaster, it is leveled by drawing 
a straightedge called a darby across it, 
after which the trowel is used again to 
smooth the surface. 


Board Paneling 


Commonly used when wood was 
plentiful and plastering more in- 
volved, board paneling has declined 
in popularity but is still employed 
to give visual relief from relentless 
plastered surfaces. Boards can be in- 
stalled quickly by carpenters, do not 


FIGURE 19.14 

Applying veneer plaster with a hawk and 
trowel. The plaster covers the entire 
surface of the gypsum board with ¥ inch 
(3 mm) of plaster. The process takes less 
time than the finishing of drywall but 
introduces much more moisture into the 
interior finish environment. (Courtesy of 
United States Gypsum Company) 


introduce moisture into the build- 
ing, and are ready for paint or stain 
as soon as they are in place. The most 
popular paneling consists of soft- 
wood boards (usually pine, fir, or ce- 
dar) with a tongue-and-groove edge 
detail. Individual boards are blind- 
nailed to the framing, resulting in a 
continuous surface free of exposed 
fasteners (Figure 19.15). When it is 
oriented parallel to framing, block- 
ing or strapping must be used to sup- 
port the paneling. 

Board paneling is usually l-inch 
nominal (19-mm) material, but 
some thin veneer paneling (about , 
inch, or 6 mm, thick) that must be 
applied over a gypsum board back- 
ing is also common. Whatever its 
thickness, board paneling is seldom 
the same thickness as standard dry- 
wall finish and needs to be coordi- 
nated with any other finish surface 
adjacent to it. 


mk 
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FIGURE 19.15 

Board paneling contributes a pattern 
to walls and ceiling. In this example, 
tongue-and-groove boards are used as 


a wainscot. Panel products can also be 
used for this purpose, but the joints 
between panels are usually difficult to 
conceal. (Photo by Rob Thallon) 


Sheet Paneling 


A wide range of prefinished sheet 
paneling is available for the finish- 
ing of walls and ceilings. It usually 
consists of a structural core of ply- 
wood, oriented strand board (OSB), 
hardboard, or gypsum board that 
is covered with a veneer of wood, 
paper, fabric, or vinyl. Thicknesses 
range from % inch (3 mm) to 3% inch 
(20 mm). The thicker panels may be 
applied directly to framing, but thin- 
ner panels require a structural backer 
such as OSB or gypsum board. Be- 
cause the panels are prefinished, fas- 
teners will be visible, so many panel 
designs incorporate grooves that will 
camouflage the existence of the small 
painted fasteners. The edges of pan- 
els are shiplapped, butted, or covered 
with trim strips. Like board paneling, 
sheet paneling is generally installed 
by the finish carpenters. 
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FINISH FLOORING 


Floors have a lot to do with one’s 
visual and tactile appreciation of a 
building. People sense their colors, 
patterns, and textures; their “feel” 
underfoot; and the noises they make 
in response to footsteps. Floors af- 
fect the acoustics of a room, contrib- 
uting to a noisy or a hushed quality, 
depending on whether a hard or soft 
flooring material is used. Floors also 
interact in various ways with light. 
Some give mirrorlike reflections, 
some diffuse reflections, and some 
give no reflection at all. Dark flooring 
materials absorb light and contribute 
to the creation of a darker room, 
while light materials reflect most inci- 
dent light and help create a brighter 
room (Figure 19.22). 

Floors are also a major functional 
component of a building. They are its 
primary wearing surfaces, subject to 
water, grit, dust, and the abrasive and 
penetrating actions of feet and furni- 
ture. They require more cleaning and 
maintenance effort than any other 
component of a building. They must 
be designed to deal with problems of 
sanitation, skid resistance, and noise 
reduction between floors. And, like 
other interior finish components, 
floors must be selected with an eye 
to fire resistance, as well as the struc- 
tural loads that they will place on the 
frame of the building. 

The installation of finish flooring 
materials may occur at any time after 
the finish materials for the walls and 
ceilings have been applied and paint- 
ed. Scheduling depends on the type of 
flooring and needs to be coordinated 
with other finish operations. There 
is an impulse to delay flooring instal- 
lation as long as possible, to let the 
other trades complete their work and 
get out of the building to avoid dam- 
age caused by dropped tools, spilled 
paint, coffee stains, and construction 
debris ground underfoot. However, 
some flooring materials are best in- 
stalled early, with trim and cabinets 
installed over them. When floors are 
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installed early, they are protected by 
taping sheets of durable paper, plastic, 
or cardboard to their surface. 

The thicknesses of floor finishes 
vary from 4% inch (3 mm) or less for 
resilient flooring to 3 inches (76 mm) 
or more for mud-set ceramic pavers. 
Frequently, several different types of 
flooring are used in different rooms 
on the same floor of a house. If the 
differences in thickness of the floor- 
ing materials are not great, they can 
be resolved by using tapered edgings 
or thresholds at changes of material. 
Otherwise, the level of the subfloor 
must be adjusted from one part of the 
house to the next to bring the finish 
floor surfaces to the same elevation. 
In many cases, special structural de- 
tails must be drawn by the designers 
to indicate how the level changes 
should be made. In wood framing, 
they can usually be accomplished 
either by notching the ends of the 
floor joists to lower the subfloor in 
parts of the building with thicker 
floor materials or by adding sheets of 
underlayment material of the proper 
thickness to areas of thinner flooring 
(Figure 19.16). 

Floor finishing operations re- 
quire cleanliness and freedom from 
traffic, so other trades are banished 
from the area when the flooring mate- 
rials are applied. Before the flooring 
can be installed, the subfloor must be 
scraped free of plaster droppings and 
swept thoroughly. Resilient-flooring 
installers vacuum the underlayment 
meticulously so that particles of dirt 
will not become trapped beneath the 
thin flooring and cause bumps in the 
surface. 


Wood Flooring 


Wood is used in several different 
forms as a finish flooring material. 
The most common type is wood strip 
flooring, which is typically made of 
white oak, red oak, pecan, or maple 
(Figure 19.17). The strips are held 
tightly together and blind-nailed by 
driving nails diagonally through the 
upper interior corners of the tongues, 
where they are entirely concealed 


from view (Figure 19.18). The entire 
floor is then sanded smooth, stained 
if desired, and finished with two or 
more coats of a varnish or other clear 
coating. The finish coatings are ap- 
plied in as dust-free an atmosphere as 
possible to avoid embedded specks. 
When its surface becomes worn, the 
flooring can be restored to a new ap- 
pearance by sanding and refinishing. 

A less costly form of wood floor 
ing consists of factory-made, prefin- 
ished wood planks and parquet tiles. 
These are furnished in many differ- 
ent woods and patterns and are usu- 
ally fastened to the subfloor with a 
mastic adhesive. Most are too thin to 
be able to withstand subsequent sand- 
ing and refinishing. 

Some wood floors are not nailed 
or glued to the subfloor but instead 
“float” above it. These so-called float- 
ing floors are made with a tongue-and- 
groove detail at the sides and ends 


Carpet with pad 


Vinyl! flooring 
Underlayment 


Subfloor sheathing 


(a) CONTINUOUS SUBFLOOR 


FIGURE 19.16 


that are glued together to make one 
continuous piece as large as the room 
in which the flooring is laid. The 
flooring can expand and contract 
with changes in humidity or tempera- 
ture, so a gap is left around the edges 
at the walls, and this gap is covered 
with base trim. Because of their ten- 
dency to move, most floating floors 
are made of laminated material, 
which is more dimensionally stable 
than solid wood. The laminations are 
thin in relation to strip flooring, so 
some manufacturers of wood float- 
ing floors impregnate the exposed 
veneer with acrylic resin to increase 
durability. 

In recent years, plastic laminate 
flooring that has been made to look 
like wood has dominated the floating- 
floor market. Indeed, there are now 
more than 100 manufacturers of this 
product, which has had a major im- 
pact on the entire flooring industry. 


Wood flooring 


Paver tiles 
Setting bed 
Subfloor sheathing 


(b) OFFSET SUBFLOOR 


When dissimilar flooring materials are adjacent, their levels may need to be adjusted: 


(a) When the thicknesses of finish flooring are similar, the levels may be adjusted with 
underlayment below the thinner material. (b) When the thicknesses vary considerably, 


the subfloor may need to be lowered to accommodate the thicker material. 


The base molding is thin and 
flexible, to conform tightly to 

irregularities in the surface of 
the wall 


The baseboard protects the wall 
against damage by feet, 

furniture, or cleaning equipment. 
It is too large and stiff to conform 
to irregularities in the flooring or 
wall. The depression in the back 
allows it to lie flat even if it is 
cupped or the plaster is irregular 


The shoe is thin and flexible, to 
conform tightly to irregularities 
in the floor surface 
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Building paper beneath the finish 
flooring seals off air leakage 
through the floor 


The profile of each strip of 

flooring is designed so that only the 
wood near the top surface makes 
full contact; this ensures that a 
tightly driven floor will have no 
visible gaps 
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FIGURE 19.17 

Oak strip flooring being installed in a residence. The flooring 
subcontractor blind-nails the tongue edge of each board at 
closely spaced intervals with a pneumatic nailer designed for 
the purpose. Notice the 15-pound building paper laid under 
the flooring to cushion it from the subfloor and minimize 
squeaks. (Photo by Rob Thallon) 


FIGURE 19.18 

Details of hardwood strip flooring installation. At the left, the 
flooring is applied to a wood joist floor and, at the right, to 
wood sleepers over a concrete slab. The blind nailing of the 
flooring is shown only for the first several strips of flooring 

at the left. The baseboard makes a neat junction between the 
floor and the wall, covering up the rough edges of the wall 
material and the flooring. The three-piece baseboard shown at 
the left does this job somewhat better than the one-piece base- 
board, but it is more expensive and elaborate. 


A one-piece baseboard is 
economical but cannot fit as 
closely as a three-piece 
baseboard 


Wood sleepers are fastened to 
the concrete block wall and 
concrete slab with concrete nails 
or powder-driven fasteners. 
Wood paneling and wood 
flooring are then nailed to the 
sleepers 


If the concrete slab lies directly 
on grade, a sheet of polyethylene 
is laid beneath the sleepers to 
prevent moisture from entering 
the building 
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This flooring is not wood at all but, in- 
stead, a convincing photographic im- 
age of wood protected beneath a clear, 
scratch-resistant coating. This tough 
wear surface is bonded with phenolic 
resins under extreme pressure to indi- 
vidual “boards” made of high-density 
fiber. The boards snap together along 
their edges, making installation quite 
easy in relation to most flooring ma- 
terials (Figure 19.19). Plastic laminate 
floors are very durable, but when they 
wear out, they cannot be refinished 
like a real wood floor. 


Resilient Flooring 


The oldest resilient flooring material 
is linoleum, a sheet material made of 
ground cork in a linseed oil binder 
over a burlap backing. Asphalt tiles 
were later developed as an alternative 
to linoleum, but most of today’s resil- 
ient sheet floorings and tiles are made 
of vinyl (polyvinyl chloride [PVC]), 
often in combination with reinforc- 
ing fibers. Thicknesses of these vinyl 
composition floorings typically measure 
around 4 inch (3 mm), slightly thin- 
ner for lighter-duty floorings and 
slightly thicker if a cushioned back is 
added to the product. Most resilient 
flooring materials are glued to the sub- 
floor or underlayment (Figure 19.20). 
The primary advantages of resilient 
floorings are the wide range of colors 
and patterns, a moderately high de- 
gree of durability, and low initial cost. 

Vinyl composition tile has the 
lowest installed cost of any flooring 
material except concrete and is used 
in vast quantities on the floors of resi- 
dences. The tiles are usually 12 inch- 
es square. Sheet flooring is furnished 
in rolls 6 to 12 feet (1.83 to 3.66 m) 
wide. If skillfully made, the seams be- 
tween strips of sheet flooring are vir- 
tually invisible. 

Resilient floorings of rubber, 
cork, and other materials are also 
available. Each offers particular ad- 
vantages of durability or appearance. 

Most resilient flooring materials 
are so thin that they show even the 
slightest irregularities in the floor 


FIGURE 19.19 


Plastic laminate flooring boards lock together without glue or nails. The diagram at the 
left shows the leading edge of a board in place on the subfloor with the next piece ready 
to be inserted. The diagram at the right shows the two boards joined on the subfloor. 


deck beneath. Wood subfloors are 
covered with a layer of smooth under- 
layment panels, usually of hardboard, 
particleboard, or sanded plywood, to 
prepare them for resilient flooring 
materials. Joints between underlay- 
ment panels are offset from joints in 
the subfloor to eliminate soft spots. 
The thickness of the underlayment is 
chosen to make the surface of the re- 
silient flooring level with the surfaces 
of flooring materials such as hard- 
wood and ceramic tile that are used 
in adjacent areas of the building. 


Carpet 


Carpet is manufactured in fibers, 
styles, and patterns to meet almost 
any flooring requirement, indoors or 
out, except for rooms such as bath- 
rooms and kitchens that need thor- 
ough sanitation. Some carpets are 
tough enough to wear for years in 
heavily used corridors, yet others are 
soft enough for intimate residential 
interiors. The costs of carpeting are 
often competitive with those of other 
flooring materials that are of simi- 
lar quality, whether measured on an 
installed-cost or life-cycle-cost basis. 
Carpet is usually stretched over 
a carpet pad and attached around the 
perimeter of the room by means of 
a tackless strip, which is a continuous 
length of wood, fastened to the floor, 
that has protruding spikes along the 
top to catch the backing of the carpet 
and hold it taut (Figure 19.21). If car- 
pet is laid directly over a wood panel 
subfloor such as plywood, the panel 
joints perpendicular to the floor joists 


should be blocked beneath to prevent 
movement between sheets. Tongue- 
and-groove plywood subflooring ac- 
complishes the same result without 
blocking. Alternatively, a layer of un- 
derlayment panels may be nailed over 
the subfloor with its joints offset from 
those in the subfloor. 


Hard Flooring Materials 


Hard finish flooring materials (con- 
crete, tile, and stone) are often cho- 
sen for their resistance to wear and 
moisture. Being rigid and unyield- 
ing, they are not comfortable to stand 
upon for extended periods of time, 
and they contribute to a live, noisy 
acoustic environment. However, many 
of these materials are so beautiful in 
their colors and patterns, and so du- 
rable, that they are considered among 
the most desirable types of flooring by 
designers and building owners alike. 
With a steel trowel finish, the 
concrete surface of a slab on grade 
finds its way into many dwellings as a 
finish floor (Figure 19.22). Color can 
be added with a colorant admixture, 
a concrete stain, or a couple of coats 
of floor paint. Concrete’s chief advan- 
tages as a finish flooring material are 
its low initial cost and its durability. 
On the minus side, extremely good 
workmanship is required to make 
an acceptable floor finish, and even 
the most carefully protected concrete 
surface is likely to sustain some dam- 
age and staining during construction. 
Thin, durable, decorative floor 
tile may be applied to a concrete slab 
(Figure 19.23). These materials in the 
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FIGURE 19.20 

A worker spreads adhesive on underlayment in front of a long 
roll of sheet vinyl flooring. The flooring will be cut to fit at the 
edges as it is unrolled. (Courtesy of Imperial Floors, Eugene, Oregon) 
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FIGURE 19.21 

Residential carpet being stretched. The tool in the worker’s 
left hand has hooks on the bottom that grab the carpet. As the 
tool is hit with the worker’s knee, it stretches the carpet over 
sharp points projecting up from strips nailed to the subfloor 
along each wall. The carpet is trimmed to fit as it is installed. 
(Photo by Rob Thallon) 


FIGURE 19.22 

Finishing a concrete slab in the living room of a new residence. 
Added color and a diamond pattern of control joints add visual 
interest to this very economical floor finish. (Photo by Rob Thallon) 


FIGURE 19.23 

The waxed tile floor in the hallway of this residence contrasts 
with the hardwood floors in the room to the right. The distinct 
floor finishes help to define the spaces. The framing under the 
tile floor is lower than that under the adjacent wood floor in 
order to account for the extra thickness of the tile setting bed. 
(Photo by Rob Thallon) 
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FIGURE 19.24 
A setting bed made of cementitious backer board provides stiffness, 


moisture resistance, and improved bonding over a wood subfloor. The 
backer board is attached to the subfloor with mastic and nails or screws. 
The subfloor itself must be very stiff to avoid cracking in this type of 


assembly. 


form of brick pavers, quarry tiles, ce- 
ramic tiles, or stone add texture, pat- 
tern, and color and are usually even 
more durable than concrete. Because 
they are relatively thin and thus do 
not add much dead weight to a floor, 
these materials also lend themselves 
to use as finish flooring over wood 
framing. When laying tile on wood 
framing, the floor structure must be 
very stiff so that it does not flex and 
crack the tiles or mortar joints. This 
may require the use of deeper joists, 
reduced joist spacing, and/or thicker 
subfloor sheathing. 

Some tiles may be applied directly 
to a wood subfloor, but most require 
a setting bed, a cement-based surface 
that provides bonding for the setting 
material, which adheres the tile to the 
building. The most common setting 


Adhesive or 
thinset mortar 


Fiberglass 
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FIGURE 19.25 

A diamond-blade mason’s saw is used to cut masonry 
products, including stone, quickly and precisely. Water 
circulated over the blade helps to cool it and to elimi- 
nate dust. (Photo by Rob Thallon) 


bed is a thinbed, a cementitious backer 
board about % inch (13 mm) thick, 
securely fastened (with adhesive and 
nails or screws) over the subfloor (Fig- 
ure 19.24). Thicker setting beds, re- 
quired in some cases such as a sloping 
shower floor, can be built up with rein- 
forced mortar and may require extra 
framing because of their weight. 
Collectively, the term ceramic tile 
refers to a wide range of relatively 
small, flat, geometrically shaped ma- 
terials made of fired clay. The most 
common types for floors are quarry 
tile, paver tile, and glazed wall tile. 
Quarry tileis a hard unglazed tile, usu- 
ally red or brown brick color, about 4 
to 6 inches (100 to 150 mm) square 
and *% to % inch (9 to 13 mm) thick. 
Brick pavers are thin bricks that look 
like regular bricks after installation 


but whose installation is similar to 
that of quarry tiles. Glazed tiles are 
generally smaller than quarry tiles 
and have a protective fired glaze on 
the exposed surface to give the tile 
color and texture. The most com- 
mon shape is square, but rectangles, 
hexagons, circles, and more elabo- 
rate shapes are also available (Fig- 
ure 19.26). Sizes range from % to 
4 inches (13 to 100 mm) and more. 
The smaller sizes of tiles are shipped 
from the factory adhered to large 
backing sheets of plastic mesh or per- 
forated paper. The tilesetter is thus 
able to lay a sheet of 100 or more tiles 
together in a single operation rather 
than as individual units. 

Nonceramic tiles made of natural 
stone, cement-based materials, glass, 
and plastic resins are also available, 


FIGURE 19.27 
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FIGURE 19.26 

Ceramic tile is used for the floor, counter- 
tops, and backsplash in this kitchen. The 
border was made by selectively substituting 
tiles of four different colors for the white 
tiles used for the field of the floor. (Designer: 
Kevin Cordes. Courtesy of American Olean Tile) 


Slate tiles being laid on a concrete backer 
board setting bed. Tiles are generally laid 
out from the center of a space and worked 
toward the walls for symmetry and to mini- 
mize the number of joints from the mea- 
sured starting point. (Photo by Rob Thallon) 


and many are appropriate for use on 
floors. Many types of building stones 
are manufactured into floor tiles, 
with surface textures ranging from 
mirror-polished marble and _ gran- 
ite to splitface slate and sandstone 
(Figure 19.27). Installation of any of 
these materials is similar to that of ce- 
ramic tile. 

A specialized subcontractor does 
the preparation for and setting of 


tile. First, the setting bed is installed. 
Next, the tiles are laid out dry to de- 
termine how best to fit them to the 
available space. Then the tiles are 
adhered to the setting bed using an 
organic adhesive or a thin-set mor- 
tar, which generally requires some 
time to cure. Once the tile is firmly 
adhered, grout, a dense cement-based 
paste, is pressed into the spaces be- 
tween the tiles. Grout color has a 


strong influence on the appearance 
of tile surfaces, and many different 
premixed colors are available, or 
the tilesetter may color a grout with 
pigments. Finally, the excess grout is 
cleaned from the surface of the tiles 
with a damp sponge, and the entire 
surface is sealed if necessary. 

The principles relating to the 
use and installation of tile on floors 
discussed previously apply equally 
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to countertops and walls, where tile 
use is also common. The applica- 
tion of tile to countertops is dis- 
cussed in Chapter 20. The applica- 
tion of ceramic tile to a shower stall is 
illustrated in Figure 19.28. 


FIGURE 19.28 
Installing sheets of ceramic tile in a 


shower stall. The base coat of portland 
cement plaster over metal lath has 
already been installed. Now the tilesetter 
applies a thin coat of tile adhesive with a 
trowel and presses a sheet of tiles into it, 
taking care to align the tiles individually 
around the edges. A day or two later, af- 
ter the adhesive has hardened sufficient- 
ly, the joints will be grouted to complete 
the installation. (Photos by Joseph Iano) 


BUILDING GREEN WITH 
GYPSUM PRODUCTS 


¢ Naturally occurring gypsum is not 
renewable, but it is plentiful and widely 
distributed geographically. The majority 
of gypsum is quarried in surface mines, 
with attendant risks of loss of wildlife 
habitat, surface erosion, and water pol 
lution, as well as the problem of dispos- 
ing of overburden and mine tailings. 


e Synthetic gypsum can be manufac- 
tured from material recovered from 
power plant flue gases, material that 
otherwise would be sent to landfills. 
One manufacturer recovers 1.2 mil- 
lion tons (1.1 million tonnes) of gyp- 
sum annually from one power plant. 
The wallboard that is produced is cer- 
tified to have 95 to 99 percent recycled 
content, depending on the specific 
product, with most of this content 
coming from synthetic gypsum. 


¢ The calcining of gypsum involves 
temperatures that are not very much 
higher than the boiling point of wa- 
ter, which means that the embodied 
energy of gypsum is relatively low, 
about 1400 Btu/pound for plaster 
and 3000 Btu/pound for gypsum 
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board. The calcining process emits 
particulates of calcium sulfate, an in- 
ert, benign chemical, as dust. 


¢ The paper faces of gypsum board 
are composed primarily of recycled 
newspapers. 


e About 10 percent of gypsum board 
becomes waste at a typical construc- 
tion site. Some of this is ground up 
and used in agriculture to lighten 
clay soils, and an increasing fraction 
is recycled into gypsum board manu- 
facture, but most goes to landfills at 
the present time. 


¢ Some dust is generated by the cut- 
ting and sanding of gypsum board 
and plaster. This dust has not been 
tied to any specific illnesses, but it is 
a nuisance and a discomfort until the 
work is done and all the dust has been 
swept up and removed from the build- 
ing. Remodeling and demolition also 
create large quantities of gypsum dust. 


e Installed gypsum products have ex- 
tremely low emissions. However, paints, 
wallcovering adhesives, and other prod- 
ucts used to finish gypsum surfaces often 
give off volatile organic compounds 
(VOCs) and thus require particular 
care in selection and specification. 
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REVIEW QUESTIONS 


1. Why is gypsum used so often in interior 
finishes? List as many reasons as you can. 
2. Describe step by step how the joints be- 
tween sheets of gypsum board are made 
invisible. 


3. Explain the differences between the 
drywall system and veneer plaster. For 


EXERCISES 


1. Visit a residential construction site 
where drywall is being installed. Discuss 
with the contractor the steps in the pro- 
cess and the scheduling of each step. Re- 
port your findings to your class. 


A how-to manual written by a drywall con- 
tractor who discusses materials, tools, in- 
stallation, and texturing of drywall. 


3. Bollinger, Don. Hardwood Floors: Laying, 
Sanding, and Finishing (2nd ed.). New- 
town, CT: Taunton Press, 1997. 


A well-illustrated how-to manual written 
by a flooring contractor in which mate- 
rials, tools, installation, and finishing of 
hardwood floors are discussed. 


joint compound 
reinforcing tape 
fiberglass mesh tape 
hydration 

hawk 

trowel 

darby 

board paneling 

sheet paneling 
underlayment 

strip flooring 
prefinished wood plank 
parquet tile 

floating floor 

plastic laminate flooring 


what reasons would veneer plaster be 
preferable to drywall? 


4. Discuss three ways to accommodate 
thickness differences of finish floor mate- 
rials installed adjacent to one another in 
new construction. 


2. Sketch typical details showing how the 
various trim accessories are used in a gyp- 
sum board wall. 


3. Take a survey in your class of the types 
of flooring in each student’s house ac- 
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4. Byrne, Michael. Setting Tile. Newtown, 
CT: Taunton Press, 1995. 


A wellLillustrated how-to manual written 
by a tile contractor who discusses materi- 
als, tools, design, and installation of tile 
for floors, walls, and ceilings. 


resilient flooring 
linoleum 

vinyl composition flooring 
carpet 

carpet pad 
tackless strip 
floor tile 

setting bed 
setting material 
thinbed 

ceramic tile 
quarry tile 

brick paver 
glazed tile 

grout 


5.Compare the advantages and disad- 
vantages of wood strip flooring, resilient 
flooring, and carpet. 


6. Discuss the importance of stiffness in 
wood framing over which a tile floor is to 
be installed. 


cording to the rooms in which the floor- 
ing is located. Discuss the reasons for the 
results of your survey. 


e Interior Doors 


e Cabinets 


Cabinet Types 

Cabinet Hardware 

Planning for Appliances and Fixtures 
Cabinet Installation 

Countertops 

Sinks 


FINISHING 
THE INTERIOR 


¢ Finish Carpentry and Trim 


Window and Door Casings and 
Baseboards 


Finish Stairs 
Miscellaneous Finish Carpentry 
¢ Paints and Coatings 


Finishing Touches 


¢ Building Green with Paints 
and Coatings 
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FIGURE 20.1 
The wall and ceiling surfaces of this new 


house have been finished and painted. 
Next, the interior doors, cabinets, and 
trim will be installed. The flooring in this 
house will be carpet, which will be one of 
the last items to be installed. (Photo by Rob 
Thallon) 
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INTERIOR DOORS 


Interior doors fall into three general 
types of construction: panel, glazed, 
and flush (Figure 20.2). Panel doors 
were developed centuries ago to min- 
imize dimensional changes and dis- 
tortions caused by seasonal changes 
in the moisture content of the wood. 
They are now manufactured primar- 
ily with laminated and composite 


Once the interior surfaces of walls, ceilings, and floors have been installed, the interior doors, cabinets, 
plumbing fixtures, lighting fixtures, and appliances are added to make the interior functional. Trim 

is nailed on to cover the gaps between interior elements, and paint and other coatings are applied to 
protect the surfaces and add color. Cleaning, touchup, and adjustments complete the construction 
process. The sequence for incorporating all of these interior components varies slightly from project to 
project but generally follows a strategy of layering one material over another (Figure 20.1). 


materials and are widely available in 
natural wood or paint-grade surfaces 
from millwork dealers. Glazed doors 
are derived from panel doors, essen- 
tially substituting tempered glass for 
one or more of the panels. 

Flush doors may be either solid 
core or hollow core. Solid core doors 
consist of two veneered faces glued 
to a core of wood blocks or bonded 
wood chips (Figure 20.3). They are 
much heavier, stronger, and more 
resistant to the passage of sound 
than hollow core doors, and are also 
more expensive. In residential build- 
ings, their use is usually confined to 
entrance doors. Hollow core doors 
have an interior grid of wood or pa- 
perboard spacers to which the face 
veneers are bonded. Flush doors of 
either type are available in a variety 
of veneer species, the least expensive 
of which are intended to be painted. 

The standard height of residen- 
tial interior doors is 6% feet (2.025 m), 
and widths start at 2 feet (610 mm) 
and increase by 2-inch (50.8-mm) in- 
crements to 27% feet. The most com- 
mon width is 2% feet (76.2 cm). The 
standard thickness of interior doors is 
1% inches (35 mm), which is % inch 
(9.5mm) thinner than exterior doors. 

Most doors are hinged and can 
swing either right-handed or left- 
handed like exterior hinged doors. 
Because interior doors do not need 
to be sealed against the weather like 
exterior doors, a number of loose- 
fitting alternatives to the hinged door 
are available for use in closets and at 
other locations where privacy is not an 
issue. Bypass doors and bifold doors are 
most commonly used for closets (Fig- 
ure 20.4), and pocket doors are used 
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FLUSH SOLID FLUSH HOLLOW FOUR PANEL 10 LIGHT 
CORE CORE 


FIGURE 20.2 
Types of wood doors. Panel doors are commonly available with one, two, four, and six panels. Glazed doors are available in a wide 
variety of configurations. All doors are available in paint grade or stain grade. 


Panel Face venee: 
Wood or 
paperboard 
spacers: 

Wood block core 

Stile or rail 
Edge stri 


PANEL DOOR SOLID CORE HOLLOW CORE 
FLUSH DOOR FLUSH DOOR 


| 


il 
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FIGURE 20.3 

Edge details of three types of wood doors. The panel is loosely 
fitted to the stiles and rails in a panel door to allow for moisture 
expansion of the wood. The spacers and edge strips in hollow 
core doors have ventilation holes to equalize air pressures inside 
and outside the door. 


FIGURE 20.4 
Bifold doors such as these and bypass doors that slide past one 
another are typically used for closets. (Photo by Greg Thomson) 
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where an open hinged door would be 
in the way. These common doors all 
have tracks at the top of the door to 
support them and keep them in line, 
and the casings to conceal this track 
are usually set lower than those of a 
typical hinged door. 

For speed and economy of instal- 
lation, most hinged interior doors 
are furnished prehung, meaning that 
they have been hinged and fitted to 
their jambs at the mill (Figure 20.5). 
The carpenter on the site merely tilts 
the prehung door and frame unit 
up into the rough opening, plumbs 
it carefully with a spirit level, shims 
it with pairs of wood shingle wedges 
between the finish and rough jambs, 
and nails it to the studs with finish 
nails through the jambs (Figure 20.6). 
Casings are then nailed around the 
frame on both sides of the partition 
to close the ragged gap between the 
door frame and the wall finish (Fig- 
ure 20.7). Bifold and bypass doors 


FIGURE 20.5 
This prehung single-panel interior door is 


being varnished in the basement of a house 


under construction before it is installed. 
(Photo by Rob Thallon) 


are not usually furnished prehung, 
but their jambs are installed similarly. 
Pocket doors require a special frame 
that must be installed before the dry- 
wall is hung (or other finish surface 
applied) because this frame ends up 
inside the finished wall (Figure 20.8). 

The finish carpenter generally 
applies doorknobs at the site after 
the doors are hung. If doorknobs 
have been specified at the time the 
doors are ordered, hinged doors are 
often predrilled for this hardware at 
the factory. Bypass doors usually have 


recessed pulls instead of knobs, bifold 
doors have knobs mounted to one 
side of the door, and pocket doors 
have a double-sided catch mecha- 
nism cut into the stile of the door. 

To save the labor of applying cas- 
ings, door units can be purchased with 
split jambs that enable the door to be 
cased at the mill. At the time of instal- 
lation, each door unit is separated into 
halves, and the halves are installed 
from opposite sides of the partition 
to telescope snugly together before 
being nailed in place (Figure 20.9). 


Top plate 


Shingle wedges 
and finish 

nails attach the 
door frame to the 
studs 


ELEVATION 


FIGURE 20.6 


Installing a door frame in a rough opening. The wood shingle wedges at each 


nailing point are paired in opposing directions to create a flat, precisely adjustable 


shim to support the frame. 


(a) 


(¢) 


FIGURE 20.7 
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(d) 


Casing a door frame: (a) The finish nails in the frame are set with a steel nail set. 

(b) The top piece of casing, mitered to join the vertical casings, is ready to install, and 

glue is spread on the edge of the frame. (c) The top casing is nailed into place. (d) The 
nails are set below the surface of the wood, ready for filling. Pneumatic nail guns have 
largely replaced the hand nailing of interior trim (Figure 20.24). (Photos by Joseph Iano) 


FIGURE 20.8 

Pocket door frames fit into a rough 
opening that is approximately twice 

as wide as the door itself. Because the 
door rests in the middle of the wall, 
electrical switches and outlets generally 
cannot be located here. Once the wall 
surface has been completed, a pocket 
door is trimmed essentially the same as a 
swinging door. (Photo by Rob Thallon) 


seat 


SECTION 
THROUGH SPLIT 
JAMB 


FIGURE 20.9 

A split-jamb interior door arrives on 
the construction site prehung and 
precased. The halves of the frame 
are separated and installed from 
opposite sides of the partition. 


CABINETS 


In the 18th century, cabinets were free- 
standing pieces of furniture that could 
be moved from room to room. With 
the advent of indoor plumbing, cabi- 
nets became stationary and integral 
with the house. Early built-in cabinets 
were made entirely of wood like their 
furniture predecessors. Wood is still 
an important material in modern cabi- 
nets, although composite wood prod- 
ucts such as plywood and fiberboard 
predominate today, and most counter- 
tops are faced with plastic laminates. 

Residential cabinets are either 
custom-made (Figure 20.11) or mass- 
produced (Figure 20.12). Custom cabi- 
nets are typically made in a local cabinet 
shop and are trucked to the building 
site in sections that are as large as is 
practical. Mass-produced cabinets are 
manufactured in large centralized 
factories and are composed of small 
modules that are joined together at the 
building site to make a large ensemble. 
These mass-produced cabinets are 
thus known as modular cabinets. 

The quality of both custom and 
modular cabinets is regulated by the 
Architectural Woodwork _ Institute 
(AWI). This organization publishes 
the AWI Quality Standards, which 
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FIGURE 20.10 
The inside of a residential cabinet 


ar 


shop. Shops such as this account for a 
significant portion of the labor and ma- 
terials used in residential construction. 
In a highly crafted custom residential 
project, up to 10 percent or more of the 
construction budget can be devoted to 
cabinetry. (Photo by John Arnold) 


x 


a 


FIGURE 20.11 
Custom-designed cabinets brighten a remodeled kitchen in an older house. A large percentage of the cabinets in a house 


are installed in the kitchen, where they must be carefully designed to fit a number of appliances, including refrigerator, 
cooktop, ovens, sink, and dishwasher. (Architects: Dirigo Design, Belmont, Massachusetts. Photo © 1989 by Lucy Chen) 


FIGURE 20.12 
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Inexpensive modular cabinets are used in this small kitchen; the space is expanded with the addition of a half-wall and 
an eating bar on the living room side. (Photo by Rob Thallon) 


describe properties and tolerances 
for materials and joinery in all cabi- 
nets. There are three grades of cus- 
tom-made cabinets: Premium, Cus- 
tom, and Economy. Premium grade is 
reserved for the very finest cabinets— 
very expensive and rare in residential 
work. Custom grade requires very 
good materials and craftsmanship 
and is the most widespread grade of 
residential cabinet. Economy is the 
lowest and least expensive grade. For 
mass-produced cabinets, there is only 
one grade, Modular, which is equiva- 
lent to the Custom grade. 

The cross-sectional dimensions 
of cabinets are standardized within 
the industry (Figure 20.13). Unless 
specified otherwise, one can assume 
that cabinets will conform to these er- 
gonomically based dimensions. Spe- 
cial dimensions for disabled persons 
are legislated. 


Cabinet Types 


In both custom and modular cabi- 
nets, there is a basic distinction 
between face-frame and frameless 
(European style) cabinets (Fig- 
ure 20.14). These two cabinet types 
are constructed differently and have 
distinct appearances. The face-frame 
cabinet is constructed with a frame 
that attaches to the front of the case 
and surrounds the doors and draw- 
ers that are set within it. The frame 
allows design flexibility in that it can 
support doors or drawers indepen- 
dently of the cabinet (Figure 20.15). 
The frameless cabinet has no face 
frame; only the doors and drawers 
are visible at the front of the cabi- 
net. The frameless cabinet has less 
design flexibility but many hom- 
eowners prefer its clean, minimal 
appearance, and it is more suited 


A 24" Base cabinet depth 
B 36" Kitchen 
32"-34" Vanity 
29"—30" Desktop 
26"-28" Typing 
Cc 18" Standard 
30" Over sink 
30" Over cooktop 
D 12" Wall cabinet depth 
E 4" Toe space 


FIGURE 20.13 

Standard cabinet dimensions are 
based on ergonomic measurements 
and, although not regulated by code, 
are standard throughout the cabinet 
industry. Standard dimensions for 
accessibility by disabled persons exist 
as well and are regulated by code when 
accessible cabinets are required. 
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FIGURE 20.14 

The front of a frameless cabinet consists 
of the leading edge of the cabinet case. 
The addition of a frame to the case 
makes a face-frame cabinet. 


Case 


Shelf 


WALL CABINET 


Backsplash 


Countertop 


Nosing 


Drawer 


Door 


Case 


BASE CABINET 


Cabinet case 


= 


Plus doors 
and drawers 


Z 


Plus face frame 


for use in modular systems because 
joints between the modular sec- 
tions do not show in the completed 
assembly. 

Cabinet doors may be either 
single piece or frame and panel (Fig- 
ure 20.16). Single-piece doors are made 
of a simple piece of panel product 
such as plywood or fiberboard— 
often banded (covered with a veneer) 
at the edges. Frame-and-panel doors 
are constructed of several pieces in the 
traditional fashion that was standard 
before panel products made single- 
piece doors possible. Drawers usually 
have single-piece fronts because their 
size makes a frame-and-panel system 
impractical. 

In the frameless cabinet, door 
and drawer fronts are invariably 
flush, with a “%inch gap between 
them (Figure 20.17a). In the face- 
frame cabinet, on the other hand, 
there are several ways in which the 
doors and drawers can meet the 
frame (Figure 20.170). Simplest and 
most economical is the full-overlay re- 
lationship, where the doors and draw- 
ers fully lap over the face frame. The 
inset door (and drawer) is the most 


Frameless 


cabinet 
Plus doors 
and drawers 
Face-frame 
cabinet 
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Frameless 
cabinet case 


M 


Overlay door 
or drawer 


(a) FRAMELESS CABINET 


Face-frame 
cabinet case 


‘ 


FIGURE 20.15 
Prepainted face-frame kitchen cabinets installed, but lacking shelves, drawers, doors, 


and countertops. Notice the variety of door widths in these custom cabinets. (Photo by 
Edward Allen) 


ae 


Overlay door 
or drawer 


a 


Lip door 
or drawer 


\J Inset door 


or drawer 


(b) FACE-FRAME CABINET 


FIGURE 20.17 

Isometric section drawings showing the 
FIGURE 20.16 relationship of cabinet doors and draw- 
The two basic door styles: (a) single-piece ers to cabinet case. (a) In the frameless 
door and (6b) frame-and-panel door. cabinet, the door or drawer invariably 
Both types can have any edge detail. The overlays the front edge of the case. (b) In 
panels in frame-and-panel doors can be the face-frame cabinet, the doors and 
made of a variety of materials and are drawers can be in one of three different 


usually either flat or raised. (b) positions. 
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FIGURE 20.18 

Workers are moving cabinets into 

this house that has not yet had the 
siding applied, illustrating that interior 
and exterior finishing can proceed 
simultaneously. (Photo by Rob Thallon) 


complicated and expensive type, 
because the gap between door and 
frame must be precisely controlled 
by the cabinetmaker. Between overlay 
and inset is the lip door, which has a 
rabbet (a groove along the edge) on 
the rear of the door or drawer front 
so that it overlays the frame but proj- 
ects only one-half the thickness of the 
door. 


Cabinet Hardware 


The selection of hardware for cabi- 
nets is important because of its impact 
on the function, aesthetic appear- 
ance, and overall quality of the cabi- 
net. Functionally, the most important 
decisions are drawer guides and door 
hinges. The main selection criteria 
for drawer guides are weight capac- 
ity and extension. Drawer guides 
are designed in a range of capacities 
from 25 to 250 pounds and should 
be matched to their intended use. A 
regular drawer guide allows a drawer 
to open to approximately 80 percent 
of its depth, but full-extension guides 
are available that reveal 100 percent 
of the drawer when it is open. Cabi- 


vue 


1y¥ 
1 


k Ty 


net door hinges are much more com- 
plicated than drawer guides. Hinges 
must be matched to the door type 
(overlay, lip, inset) and are quite vari- 
able in terms of their ability to be ad- 
justed, their durability, and the angle 
to which they allow the door to open. 
There are many types of hinges from 
which to choose, ranging from sim- 
ple butt hinges to fully concealed (and 
fully adjustable) hinges. Many hinges 
are self-closing in that they contain a 
spring that engages and pushes the 
door closed when it is within a cer- 
tain range of positions. Handles for 
cabinet doors and drawers are called 
pulls and are available in a very wide 
selection. Overlay doors and drawers 
do not require pull hardware because 
the edge of the door or drawer can 
be shaped so that it can be grasped 
easily. 


Planning for Appliances 
and Fixtures 
Most residential cabinets are located 


in the kitchen, bathroom, and laun- 
dry. In the kitchen, they must be 


U PINT Zz =—li( 


Tyvek Tyvek 


HomeWrap HomeWrap 


integrated with a number of appli- 
ances, usually including at least a 
range, a range hood, a refrigera- 
tor, and a dishwasher; and with the 
kitchen sink. Some appliances, like 
the refrigerator, can be accommodat- 
ed by merely leaving adequate space. 
Others, like the range, are often built 
into the cabinets. In all cases, the size 
(if not the particular model) of the 
appliance must be known before the 
cabinets are constructed in the shop. 
Appliance and fixture manufacturers 
typically supply installation dimen- 
sions and/or templates to the cabi- 
netmaker. 


Cabinet Installation 


Cabinets are typically fully finished 
with paint or lacquer before they 
are brought to the job site. The fin- 
ish carpenters or cabinetmakers in- 
stall them after the walls have been 
painted. Usually, it is easiest to install 
the flooring first and install the cabi- 
nets over the finish floor. Fastening 
of cabinets to the building is usu- 
ally done with screws through the 
case to the wall(s) and floor. Before 


being fastened, the cabinets must be 
leveled and shimmed because walls 
and floors are never perfectly plumb, 
level, or planar. The best way to take 
up irregularities between cabinet edg- 
es and walls is to scribe the cabinet to 
the wall. Scribing consists of shaping 
the cabinet edge to the contour of the 
wall. To facilitate scribing, the cabi- 
netmaker makes the cabinet edges 
thin by cutting away wood at the rear 
along the length of the edge. Cabinet 
edges are caulked or covered with 
slender trim in work of lower quality. 


Countertops 


After the cabinets are anchored in 
place, the countertops can be installed. 
Although they appear to be integral 
with the cabinet, countertops are usu- 
ally made of an entirely different ma- 
terial, often by someone other than 
the cabinetmaker (Figure 20.19). 
Countertops take much more abuse 
than cabinets, as they are frequently 
exposed to moisture, heat, scratch- 
ing, and staining. They must be made 
of material that is easily cleaned to 
keep them sanitary, and they must be 
able to accept the watertight installa- 
tion of sinks. 

The most common materials for 
countertops include plastic laminate, 
ceramic tile, stone tile, stone slabs, 
stainless steel, wood, concrete, and 
solid surface materials composed of 
powdered stone blended with acrylic 
resin. Those facing materials too thin 
or weak to span between cabinet case 
partitions, such as plastic laminate or 
tile, must be applied over a stiff sub- 
strate. The most common substrates 
are Y-inch (19-mm) plywood or 
medium-density fiberboard (MDF). 
For tile, a cementitious backer board 
is often applied over the substrate. 

Every countertop must be fin- 
ished at its edges—both the exposed 
front edge, the nosing, and the rear 
edge against the wall, the backsplash 
(Figure 20.19). The detailing of these 
edges depends on the countertop ma- 
terial. Most materials lend themselves 
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FIGURE 20.19 

Two common ways in which 
countertops are finished. (a) A 
shop-applied plastic laminate 
makes a continuous surface from 
the top of the backsplash to the 
base of the nose. (b) A wooden 
backsplash and wooden edge 
band trim a field-applied plastic 
laminate countertop. 
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wallboard 


Backsplash 


Top back of 
cabinet case 


Countertop 


(a) 


Top front of 
cabinet case 


to making the nosing and the back- 
splash of the same material as the 
countertop. Often, however, the 
nosing will be made of a contrasting 
material. It is common, for example, 
to have a hardwood nosing (called 
an edge band) on a plastic laminate 
countertop. 

Most countertops with shop- 
applied facings are attached to the 
cabinet case with screws driven in- 
visibly from the underside, through 
bracing flanges at the top of the cabi- 
net cases. Field-applied countertop 
facings such as tile, stone slab, and 
concrete are usually adhered to a 


substrate that is fastened to the cabi- 
net from above. 


Sinks 

There are several ways in which a sink 
can meet a countertop. The most 
popular and economical method, the 
drop-in sink, is installed from the top 
through a hole cut into the counter 
top, and a perimeter flange on the sink 
rests on the countertop surface (Fig- 
ures 20.20 and 20.21). A sealant at the 
joint between sink and countertop pre- 
vents the penetration of water. Other 
sink installation methods include 
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FIGURE 20.21 
There are a variety of ways that a sink 


can seal to a countertop. The popular 
drop-in method shown here in section 
requires a quality sealant between the 
sink and the finished countertop to 
prevent moisture from reaching the 


FIGURE 20.20 

A drop-in cast iron sink in a tile countertop. The tile is laid first. Then the sink is in- 
stalled from the top, and the rim laps over the raw tile edge and conceals it. The heavy 
sink is adhered to the tile with adhesive that also acts to seal the gap between tile and 


sink. (Photo by Rob Thallon) wooden Cabmetassembly. 


flush-mount, where the top of the sink is 
flush with the countertop surface; un- 
dermount, where the sink is attached to 
the underside of the countertop; and 
integral, where the sink and counter- 
top are made of the same material. The 
undermount sink requires finishing of 
the edge of the countertop around the 
sink opening (Figure 20.22). 


FINISH CARPENTRY 
AND TRIM 


Millwork (so named because it is man- 
ufactured in a planing and molding 
mill) includes all the wood finish com- 
ponents of a building—the doors, 
windows, cabinets, trim, and molding 
(Figure 20.23). Millwork is generally 
produced from much higher qual- 
ity wood than that used for framing. 
The softwoods used are those with 
fine, uniform grain structure and few FIGURE 20.22 

defects, such as sugar pine, ponder- _A sink mounted from below requires finishing of the countertop edge where it meets 
osa pine, and Douglas fir. Flooring, _ the sink. (Courtesy of Patrick Morgan Design, Eugene, Oregon) 
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FIGURE 20.23 

Some common molding patterns for wood interior trim. A and B are crowns, Cis a bed, and D and Eare coves. All are used to trim the 
junction of a ceiling and a wall. Fis a quarter-round for general-purpose trimming of inside corners. Moldings G through J are used on 
walls. G is a picture molding, applied near the top of a wall so that framed pictures can be hung from it at any point on special metal 
hooks that fit over the rounded portion of the molding. His a chair rail, installed around dining rooms to protect the plaster from damage 
by the backs of chairs. Iis a panel molding and Ja batten, both used in traditional paneled wainscoting. Baseboards (K through N) include 
three single-piece designs and one traditional design (K) using a separate cap molding and shoe in addition to a piece of S4S stock that is 
the baseboard itself (see also Figure 19.18). Notice the shallow groove, also called a “relieved back,” in the single-piece baseboards and 
many other flat moldings on this page. This serves to reduce cupping forces on the piece and makes it easier to install even if it is slightly 
cupped. Designs AA through FF are standard casings for doors and windows. GG, HH, and I are handrail stock. MM is representative of 
a number of sizes of S4S material available to the finish carpenter for miscellaneous uses. NNis lattice stock, also used occasionally for 
flat trim. OO is square stock, used primarily for balusters. PP represents several available sizes of round stock for balusters, handrails, and 
closet poles. Wood moldings are furnished in either of two grades: N Grade, for transparent finishes, must be of a single piece. P Grade, 
for painting, may be finger-jointed or edge-glued from smaller pieces of wood. P Grade is less expensive because it can be made up of 
short sections of lower-grade lumber with the defects cut out. Once painted, it is indistinguishable from N Grade. The shapes shown here 
represent a fraction of the moldings that are generally available from stock. Custom molding patterns can be easily produced because the 
molding cutters used to produce them can be ground quickly to the desired profiles, working from the architect’s drawings. 
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FIGURE 20.24 


Almost all trim is applied with a pneumatic finish nailer. 


The nailer allows the finish carpenter to hold the trim 


in place with one hand while the other hand positions 
and drives the nail with one squeeze of the finger. The 
nail is automatically set below the surface of the trim. 
(Photo by Edward Allen) 


stair treads, and millwork intended 
for transparent finish coatings such 
as varnish or shellac are customarily 
made of hardwoods and hardwood 
plywoods: red and white oak, cherry, 
mahogany, and walnut. Moldings are 
also produced by specialized manu- 
facturers from _ high-density _ plas- 
tic foams, parallel strand lumber, 
and fiberboard as a way of reducing 
costs and minimizing moisture ex- 
pansion and contraction; all of these 
materials must be painted. Doors 
and cabinets are commonly made of 
composite wood products such as ply- 
wood, particleboard, and fiberboard 
with facings and edge bands of wood 
veneer or plastic laminate. 

Moldings and trim are manu- 
factured and delivered to the build- 
ing site at a very low moisture con- 
tent, typically about 10 percent, so 
it is important to protect them from 
moisture and high humidity before 
and during installation to avoid 
swelling and distortions. The humid- 
ity within the building is high at the 
conclusion of plastering or gypsum 
board work. The framing lumber, 
concrete work, masonry mortar, plas- 
ter, drywall joint compound, and 
paint are still diffusing large amounts 
of excess moisture into the interior 
air. As much of this moisture as pos- 
sible should be ventilated to the out- 
doors before finish carpentry (the 
installation of millwork) commences. 


Windows should be left open for a few 
days, and in cool or damp weather 
the building’s heating system should 
be turned on to raise the interior air 
temperature and help drive off excess 
water. In hot, humid weather, the air- 
conditioning system should be acti- 
vated to dry the air. 

Interior finish carpentry  in- 
cludes the installation of doors and 
cabinets as well as the application of 
various moldings that cover the gaps 
between materials and provide in- 
terest and emphasis to the rooms in 
a house. The moldings, also known 
collectively as trim, need to be suffi- 
ciently flexible to conform to the mi- 
nor irregularities in the wall and floor 
surfaces, while at the same time rigid 
enough to hold themselves in place 
once fastened. 

The application of trim has be- 
come much easier in recent years 
with the advent of the pneumatic finish 
nailer (Figure 20.24). Not many years 
ago, trim was fastened with finish 
nails driven home with several blows 
of a hammer and then set below the 
surface of the wood using a separate 
tool called a nail set. Now the entire 
operation is performed better and 
more efficiently with one pull of a 
trigger. The nails in casings and base- 
boards must reach through the plas- 
ter or gypsum board to penetrate the 
framing members beneath in order 
to make a secure attachment. Later, 


the painters will fill the nail holes 
with a paste filler and sand the sur- 
face smooth after the filler has dried 
so that the holes in the painted wood- 
work will be invisible. For transparent 
wood finishes, either the nail holes 
may be left unfilled or a filler must be 
carefully selected to match the color 
of the wood, which is very difficult 
since the wood changes color over 
time. In high-quality work, nail holes 
in transparent finishes are filled af- 
ter all finishing has been done, using 
pigmented wax fillers. For this type of 
filling, it is best to wait a year or so 
until the color of the wood has stabi- 
lized. 


Window and Door Casings 
and Baseboards 


Windows are cased in much the same 
manner as doors (Figures 20.25 and 
20.26). After the finish flooring is in 
place, baseboards are installed at the 
junction of the floor and the wall to 
close the ragged gap between the 
flooring and the wall finish and to 
protect the wall finish against damage 
by feet, furniture legs, and cleaning 
equipment (Figure 19.18). 

When a tall baseboard is desired, 
a slender, flexible base shoe is often 
used between the baseboard and 
floor, because the baseboard itself will 
not bend to conform to the contours 
of the flooring. 
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FIGURE 20.25 
Casing a window: (a) Marking the length of a casing. (b) Cutting the casing to length with a power miter saw. (c) Nailing the casing 


because the pneumatic finish nailer is in the shop. (d) Coping the end of a molded edge of an apron with a coping saw so that the 
molding profile will terminate neatly at the end of the apron. (e) Planing the edge of the apron, which has been ripped (sawn length- 
wise, parallel to the grain of the wood) from wider casing stock. (f) Applying glue to the apron. (g) Nailing the apron, which has 
been wedged temporarily in position with a stick. (h) The coped end of the apron in place. (i) The cased window ready for filling, 
sanding, and painting. (Photos by Joseph Iano) 
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FIGURE 20.26 
Simple but carefully detailed and skillfully crafted window and door casings. 


The door casings are continuous with the window casings in order to unite 


these elements visually. (Photo by Rob Thallon) 


Finish Stairs 

Finish stairs are either site built in 
place (Figures 20.27 to 20.30) or shop 
built (Figure 20.31). Shop-built stairs 
tend to be more tightly constructed 
and to squeak less in use, but site-built 
stairs can be fitted more closely to the 
walls and are more adaptable to spe- 
cial situations and framing irregulari- 
ties. Site-built stairs are much more 
common in residential construction 
and are usually rough framed early 
in the construction process so that 


workers can use them. When it comes 
time to finish site-built stairs, the 
rough framing is covered with finish 
material and the trim and/or railings 
are added at the sides. 

The most common finish materi- 
als for residential stairs are hardwood 
and carpet. Wood stair treads are usu- 
ally made of wear-resistant hardwoods 
such as oak and maple. Risers and 
stringers may be made of any reason- 
ably hard wood such as oak, maple, 
or Douglas fir. Wood species for stair 


STAIR PLANS 


FIGURE 20.27 

Types of stairs: (1) Straight run. 

(2) L-shaped stair with landing. 

(3) 180-degree turn with landing. 

(4) L-shaped stair with winders that have 
an offset center. The offset center can 
increase the minimum tread dimension 
to within legal limits. Notice that the 
winders do not save any space when 
compared with the stair with a landing at 
(2). (5) A spiral stair (in reality a helix, 
not a spiral) consists entirely of winders 
and is generally illegal for any use but 

as a secondary stair in a single-family 
residence. (6) A spiral stair with an open 
center of sufficient diameter can have its 
treads dimensioned to legal standards. 
(Adapted by permission from Albert G. H. 
Dietz, Dwelling House Construction, 4th 
ed., MIT Press, Cambridge, Massachusetts. 


© 1974 Massachusetts Institute of Technology) 


Wall stringer 
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treads are often matched to those of 
the flooring above and/or below the 
stair and are installed at the same 
time as the floor by the hardwood 
flooring subcontractor. 

When stairs are finished with 
carpet, this work is typically done to- 
ward the end of the finish schedule, 
when the carpeting is laid in the rest 
of the house. Sometimes carpet is laid 
over wooden stairs, as a runner (Fig- 
ure 20.32). Carpet is not nearly as 
durable as hardwood for stairs, but its 
initial cost is much lower, and many 
people prefer the soft, quiet feeling 
of carpeted stairs. 


Open stringer 


i 
EE. 


Riser 


Rough stringers 


Miscellaneous Finish 
Carpentry 

Finish carpenters install dozens of 
miscellaneous items in the average 
dwelling—closet shelves and _ poles, 
pantry shelving, bookshelves, wood 
paneling, chair rails, picture rails, 
ceiling moldings, mantelpieces, laun- 
dry chutes, door hardware, weather- 
stripping, doorstops, and bath accesso- 
ries (towel bars, paper holders, and so 
on). Many of these items are available 
ready made from millwork and hard- 
ware suppliers (Figure 20.33), but oth- 
ers have to be crafted by the carpenter. 


Handrail 


Tread 


FIGURE 20.28 

Constructing a finished stair in 
place. The joint between the 
riser and the open stringer is 

a miter. The balusters, posts, 
and handrail are purchased 
ready-made from millwork sup- 
pliers and cut to fit. (Adapted 
by permission from Albert G. H. 
Dietz, Dwelling House Con- 
struction, 4th ed., MIT Press, 
Cambridge, Massachusetts. © 
1974 Massachusetts Institute of 
Technology) 
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FIGURE 20.30 

Millwork suppliers offer several different stair 
“packages” of coordinated parts in traditional 
FIGURE 20.29 designs. (Courtesy of Morgan Products, Ltd.) 

A site-built staircase with a carpet runner over wooden stairs and 
with newel posts that support handrails and balusters. At their 
base, the balusters are attached to a curb, which is less expensive 
than attaching them to exposed stair treads, as in Figure 20.28. 
(Photo by Rob Thallon) 


FIGURE 20.31 

A shop-built stair. All 
the components are 
glued firmly together 
in the shop, and the 
stair is installed as a 
single piece. 


FIGURE 20.32 


Wedges are A new stairway, 
driven and glued . . 

into tapered finished, painted, 
grooves under and ready for the 
treads and 4 : 

behind risers installation of a carpet 


runner. The portion of 
the treads and risers 
that will be covered 
with carpet is made of 
inexpensive materials 
to save money. (Photo by 
Rob Thallon) 
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PAINTS AND COATINGS 


Painting the interior of a residence 
essentially occurs in two phases. The 
first phase of the painter’s work is to 
coat the extensive areas of walls and 
ceilings (usually drywall) with latex 
paint. In the second phase, the painter 
coats the woodwork, molding, and 
cabinetry that are installed over the 
painted walls. A painting subcontrac- 
tor generally performs the work, but 
some general contractors like to do 
the painting themselves. 

The walls and ceilings are painted 
as soon as possible after the plaster- 
work has dried. With veneer plaster or 
drywall, this can be as soon as a day or 
two after the plasterers or joint finish- 
ers have finished, depending on in- 
terior atmospheric conditions. Most 
painters spray the paint during this 
phase, but some apply it with a roller. 
When spraying, the work begins by 
masking the windows, doors, and 
other items that might be damaged 
by paint overspray. The walls and ceil- 
ings are then sprayed with a coat of 
primer/sealer to provide a good base 
for the latex paint, which is sprayed 
next. Roller application of the primer 
and paint generally requires less time 


for preparation but takes longer over- 
all (Figure 20.34). The primer may be 
formulated to furnish a vapor retard- 
er. The latex is sprayed or rolled in 
one or two coats and provides the col- 
or. In bathrooms and kitchens, where 
extremely humid conditions often oc- 
cur, a latex enamel or oil-based paint 
is usually used to better seal the wall 
against moisture. 

The painter returns to the site to 
paint the woodwork after the doors 
have been hung, the cabinets installed, 
and the trim applied (Figure 20.35). 
This work is usually done with a brush 
because the surfaces to be painted are 
relatively small and narrow. Cabinets 
and doors, given their more exten- 
sive surface area, are usually sprayed, 
and this can be done either on-site or 
off-site. The doors, windows, and trim 
are filled, if necessary, and primed or 
coated with a transparent sealer to seal 
the pores in preparation for the paint, 
stain, or transparent coating that will 
ultimately protect the surface. Nail 
holes are filled, and the primed and 
filled surface is sanded to remove dust, 
raised grain, and excess filler, and to 
create a very smooth surface for the 
finish coat(s). The inevitable gaps be- 
tween trim and wallboard and between 


FIGURE 20.33 

Fireplace mantels are available from millwork suppliers 
in a number of designs. Each is furnished largely as- 
sembled but is detailed in such a way that it can easily be 
adjusted to fit any fireplace within a wide range of sizes. 
(Courtesy of Morgan Products, Ltd.) 


trim pieces themselves are filled with 
latex painter’s caulk before the final 
coat is applied. The final coats of paint 
are applied with a brush in as dust-free 
an environment as possible, which 
often means that the painter must 
seal off areas of the house and sched- 
ule the painting work around workers 
from other trades working at the site. 
Paint brand and type are often speci- 
fied by the designer, but good painters 
will recommend quality paints, either 
latex or oil-based, whether specified or 
not. Hard oil-based or industrial fin- 
ishes should be specified at locations 
such as doors, newel posts, and cabi- 
nets that will receive consistent abra- 
sion from the users of the building. 


Finishing Touches 


When flooring and painting are fin- 
ished, the plumbers install and acti- 
vate the lavatories, water closets, tubs, 
sinks, and shower fixtures. Gas lines 
are connected to appliances, and the 
main gas valve is opened. The electri- 
cians connect the wiring for electrical 
equipment, including heating and air 
conditioning equipment; mount the 
receptacles, switches, and lighting fix- 
tures; and put metal or plastic cover 
plates on the switches and receptacles. 
The electrical circuits are energized and 
checked to be sure that they operate 
properly. The smoke alarms and heat 
alarms, required by most codes in resi- 
dential structures, are also connected 
and tested by the electricians, along 
with any communications, entertain- 
ment, computer network, and security 
system wiring. The heating and air-con- 
ditioning system is completed with the 
installation of air grills and registers or 
with the mounting of metal convector 
covers, then turned on and tested. 

Any last-minute problems are 
identified and corrected through a 
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cooperative effort by the contractors, 
the owner, and the architect. The 
building inspector is called in for a 
final inspection and the issuance of a 
certificate of occupancy. After a thor- 
ough cleaning, the building is ready 
for use. 


BUILDING GREEN WITH 
PAINTS AND COATINGS 


¢ Newlaws regarding volatile organic 
compounds (VOCs) are relieving 
builders and designers of much of the 
responsibility for selecting nonpollut- 
ing coatings. It is becoming increas- 
ingly difficult to find solvent-based 
coatings in stores, and the quality of 
water-based coatings of every type, 
including transparent varnishes and 
stains, is steadily improving. 

¢ Poisonous components such as 
lead are no longer used in coatings. 
However, old coatings on houses and 
other buildings often contain lead. 
These must be removed by special- 
ized subcontractors whose workers 
wear special protective clothing as they 
scrape and sand the lead-containing 
coatings from a building. Dust must be 
contained by temporary enclosures, 
and all wastes must be bagged and dis- 
posed of as required by local govern- 
ments. Removal of lead-based coatings 
from surfaces that can be reached by 
children is mandatory in most states. 


e Partial cans of coatings that are 
left over at the conclusion of a project 
can be left for the owner’s use. Other- 
wise, they must be disposed of as toxic 
wastes. Some areas are served by com- 
panies that recycle latex paints. Left- 
over coatings must never be poured 
into the ground. 


e New buildings need to ventilate 
freely for a few days before people 
move into them to disperse odors and 
chemicals from coatings that are not 
fully cured. 


e Factory-applied finishes, which 
are fully cured before they get to the 
construction site, can substantially re- 
duce air pollution on the site. 


FIGURE 20.34 

A painter rolling the finish coat onto 
drywall. Paint is usually sprayed onto 
walls and ceilings, but in this case, the 


owner desired a texture that was most 
easily achieved with a roller. Walls and 
ceilings are typically painted before 
floors, cabinets, or trim are installed. 
(Photo by Rob Thallon) 


FIGURE 20.35 

Painters brushing cabinet 
work. Trim is also commonly 
painted by hand with a brush. 
(Photo by Rob Thallon) 


C.S.1./C.S.C. 
MasterFormat Section Numbers for Finishing the Interior 


06 20 00 Finish Carpentry 

06 22 00 Millwork 

06 40 00 Architectural Woodwork 

06 41 00 Architectural Wood Casework 
06 43 00 Wood Stairs and Railings 


06 44 00 Ornamental Woodwork 

06 46 00 Wood Trim 

06 48 00 Wood Frames 

06 65 00 Plastic Simulated Wood Trim 

09 90 00 Painting and Coating 

09 91 00 Painting 

09 93 00 Staining and Transparent Finishing 
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1. Thallon, Rob. Graphic Guide to Interior 
Details. Newtown, CT: Taunton Press, 1996. 


The second half of this book, first refer- 
enced in Chapter 19, describes the design, 
construction, and installation of cabinets, 
countertops, trim, and stairways. 


2. Architectural Woodwork Institute. Ar- 
chitectural Woodwork Quality Standards: 


Key TERMs AND CONCEPTS 


panel door 

glazed door 

flush door 

hinged door 

bypass door 

bifold door 

pocket door 

prehung door 

custom cabinet 

modular cabinet 
face-frame cabinet 
frameless cabinet 
single-piece cabinet door 
banded 

frame-and-panel cabinet door 
full-overlay cabinet door 
inset cabinet door 


REVIEW QUESTIONS 


1. List the sequence of operations re- 
quired to complete the interior of a 
house and explain the logic of the order 
in which these operations occur. 


2. Compare the advantages and disad- 
vantages of hinged, pocket, bifold, and 
bypass doors. 


3. Discuss the differences between custom 
cabinets and modular cabinets. 


EXERCISES 


1. Design and detail a cabinet for a build- 
ing that you are designing, using the in- 
formation provided on page 481 to work 
out the dimensions. 


2. Design and detail a stairway for a build- 
ing that you are designing, using the in- 
formation provided in Figures 20.27 and 
20.28 to help you figure out the relation- 
ship of the parts. 
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Illustrated (8th ed.). Reston, VA: Architec- 
tural Woodwork Institute, 2005. 


A collection of standards that specify con- 
struction tolerances, joinery, and finish 
surfaces for lumber, panel products, doors, 
windows, cabinets, trim, and ornamental 
woodwork. This book is referenced when- 
ever the quality of woodwork is specified. 


lip cabinet door 

drawer guides 
full-extension guides 
butt hinge 

fully concealed hinge 
self-closing hinge 
cabinet pull 

scribe 

countertop 

plastic laminate countertop 
solid surface countertop 
tile countertop 

nosing 

backsplash 

edge band 

drop-in sink 
flush-mounted sink 


4. Explain the practical differences be- 
tween a face-frame cabinet and a frame- 
less cabinet. 


5. What is the relationship among coun- 
tertop, backsplash, and nosing? Why do 
some styles of sinks work with some coun- 
tertops and not with others? 


6. What is the primary function of trim? 
What other functions does it perform? 


3. Visit a wood frame building that you ad- 
mire. Make a list of the interior finish ma- 
terials and components, including species 
of wood, where possible. How does each 
material and component contribute to 
the overall feeling of the building? How 
do they relate to one another? 


4. Make measured drawings of millwork 
details in an older building that you ad- 


3. Savage, Craig. Trim Carpentry Tech- 
niques (2nd ed.). Newtown, CT: Taunton 
Press, 1998. 


An illustrated how-to manual written by a 
finish carpenter who focuses on the basics 
of hanging windows and doors and apply- 
ing molding. Tools and material selection 
are also covered. 


undermount sink 

integral sink 

millwork 

molding 

trim 

pneumatic finish nailer 
nail set 

window casing 

baseboard 

base shoe 

finish stairs 

shop-built stairs 

site-built stairs 

first-phase interior painting 
second-phase interior painting 


7. Summarize the most important things 
to keep in mind when designing a stair. 


8. Explain the reasons for the phasing of 
the painter’s work. Why are the painting 
techniques usually different during the 
different phases of the work? 


mire. Analyze each detail to discover its 
logic. What woods were used, and how 
were they sawn? How were they finished? 
5. Obtain drawings of moldings avail- 
able from a local lumberyard or home 
improvement center. Compare these to 
the drawings of the historic moldings you 
did in the previous exercise. Can you find 
other sources of moldings? 
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¢ Paving Systems 
Flatwork 
Asphalt Paving 
Unit Pavers 
Stone Paving 


¢ Level Changes 


Retaining Walls 
Outdoor Steps 


e Porches and Decks 


Structure for Porches and Decks 
Decking Boards 
Deck Railing 


FINISH SITEWORK 


¢ Finish Grading 

e Fencing 

¢ Outdoor Lighting 
¢ Irrigation 

¢ Planting 


e Green Considerations 
in Finish Sitework 
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PAVING SYSTEMS 


Flatwork 


Nearly every residential construction 
project includes one or more outdoor 
concrete slabs—referred to collectively 
as flatwork because of their horizontal 
orientation. The most common com- 
ponents of flatwork are the driveway, 
concrete walkways, and backyard patios 
or terraces. This work is typically per- 
formed by a specialized subcontractor. 

Because concrete is brittle, it can- 
not withstand differential settlement. 
Therefore, the subgrade, the soil be- 
neath the flatwork that will support its 
design load, must be firm and stable. 
The subgrade may be original soil 
free of organic material or it may be a 
structural fill compacted in lifts. Over 
the subgrade, a compacted or self 
compacting gravel base helps to distrib- 
ute the load of the concrete flatwork 
evenly and isolates it from the mois- 
ture that migrates upward through 
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During pleasant weather, a well-planned and well-constructed 
yard extends the living space of a house in innumerable ways. 
Usable outdoor spaces, such as lawns, porches, decks, and ter- 
races, are prized by homeowners and serve to increase the value 
of a residence. In addition to spaces used for social activities or 
recreation, there are a number of practical exterior features to be 
designed and built that make a residence complete. Virtually all 
houses have a driveway to the garage and a walkway to the front 
door. Most have plantings of lawn, perennials, shrubs, and trees. 
Many have a fence around the property for enclosure or at one or 
more edges for privacy. Irrigation systems allow plantings to flour- 
ish during dry spells, and outdoor lighting provides safety and 
nighttime use of outdoor spaces. 

The finish sitework must generally wait until the shell of the 
house has been completed. Only then can the ground be cleared 
of all construction equipment and materials and the finishing 
of the site begin. Often, parts of this work (such as planting, 
irrigation, and fencing) are deferred—leaving them for the own- 
ers to complete after the house has been occupied. Other parts 
of the finish sitework (such as the driveway, walk, and finish grad- 
ing), however, are almost always included within the construction 
contract and are completed under the direction of the contractor. 


the soil. The thickness of the base de- 
pends primarily on the characteristics 
of the underlying soil and the intend- 
ed use of the slab above. Weaker soils 
and heavy-duty use call for a thicker 
base. Driveways, which carry extreme 
loads, often have a base of 5 to 6 inch- 
es, while a sidewalk may have a base 
layer of only 2 to 4 inches. 

The edges of concrete slabs are 
formed with 2 x 4 or 2 x 6 boards 
where they do not come up against a 
building. These forms are staked in 
place well within the boundaries of 
the base and serve as guides for the 
straightedge used to level the sur- 
face of the concrete as it is placed. 
The forms are removed after the con- 
crete has cured because they will rot 
over time (Figure 21.1). Control joints, 
made of asphalt-impregnated fiber- 
board, divide large expanses of slab 
into smaller rectangles that are less 
likely to crack as the concrete shrinks 
after curing. These joints are also lo- 
cated at the edges of slab where it abuts 


another fixed concrete object such as 
a foundation, a street curb, or another 
slab, allowing the slab to expand and 
contract with changes in temperature. 
In driveways or garage floors, flatwork 
is reinforced with welded wire mesh 
or slender rebar reinforcement to re- 
duce shrinkage cracking and provide 
strength to resist bending of the slab 
under the wheel loads of vehicles. 

Avariety of finishes may be applied 
to concrete at the time it is placed (Fig- 
ure 21.2). A smoothly troweled finish 
is common in garages and is some- 
times used for patios or porches. The 
smooth finish is the easiest of finishes 
to clean, but it can be slippery when 
wet. A broom finish, made by dragging 
a broom over the fresh, smoothly trow- 
eled concrete, has a rough texture to 
keep people from slipping. A washed 
aggregate surface has more texture yet. 
This finish is made by spraying the 
fresh concrete with water to expose 
the aggregate that lies just below the 
surface. Stamped concrete is made to re- 
semble brick or stonework by forcing 
a mold down into the surface of the 
freshly placed concrete (Figure 21.3). 
Coloring agents can be mixed with the 
concrete batch or added to the surface 
of the freshly placed slab. 


Asphalt Paving 


Asphalt paving is a mixture of bitu- 
mens (hydrocarbons from petroleum 
or coal), gravel, and sand that is ap- 
plied hot and hardens as it cools. It 
is often used for driveways and occa- 
sionally for paths in residential work 
(Figure 21.4). Like concrete flatwork, 
asphalt paving requires a firm, stable 
subgrade and an aggregate base. 
However, because asphalt is a more 
flexible covering than concrete, the 
base must be deeper. Aggregate bases 
for driveways range in thickness from 
8 to 12 inches on most soils. 

A variety of machines may be 
employed to distribute the hot as- 
phalt mixture evenly across the base, 
and hand tools are used to smooth 
out irregularities in the surface. A 
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FIGURE 21.1 

Formwork for a concrete sidewalk and driveway. The gravel base 
will be smoothed and compacted before the concrete is poured. 
Notice the storm drain to the left of the driveway, which will 

be routed under the sidewalk and through the new curb to the 
gutter. (Photo by Rob Thallon) 


FIGURE 21.4 

Installing an asphalt driveway usually 
involves a large number of workers and a 
lot of equipment. This 40-foot driveway 
took two dump truck loads of hot asphalt, 
which was spread by the machine in the 
foreground, smoothed with hand tools, 
and compacted by the small roller and 
hand tampers. About 10 people worked 
at the site for approximately 2 hours to 
complete the job. (Photo by Rob Thallon) 


FIGURE 21.2 

Concrete driveways and sidewalks are significant parts of the 
sitework in new residential development. The three workers 
here are finishing a driveway (floating, troweling, and tooling). 
The sidewalk and driveway apron are formed and will be 
poured and finished the following day. (Photo by Rob Thallon) 


FIGURE 21.3 

Concrete can be stamped and colored before it has set to 
imitate stone or brick pavers. The difference in cost between 
stamped concrete and real stone or brickwork is substantial. 
(Photo by Rob Thallon) 
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heavy roller then compacts the as- 
phalt while it is still hot, removing 
air pockets and forcing the bitumen 
into close contact with the sand and 
gravel. When the mixture cools, the 
bitumen stiffens and gives the sur- 
face strength. Asphalt is durable but 
is susceptible to damage in very hot 
weather when it becomes soft. 

Asphalt paving is less expensive 
per unit area than concrete—even 
considering the deeper aggregate 
base. For small areas, however, con- 
crete is often competitively priced, 
because it can be included with other 
flatwork projects. For this reason, as- 
phalt driveways are generally longer 
and concrete ones shorter. 


Unit Pavers 


Often employed in patios, terraces, 
and walks, wnat paving consists of small 
units of brick, concrete masonry, or 
stone that are laid in a sand setting 
bed (Figure 21.5). The edges of areas 
paved with unit pavers are restrained 
with walls or permanent decay-resistant 
wooden forms so that the units at the 
periphery do not creep. When all of 
the paving units are in place, sand is 
brushed over the surface, falling be- 
tween the units and locking the sys- 
tem together. Because the system em- 
ploys many small, independent units, 
the surface is flexible, like asphalt, 
and requires a deeper aggregate base 
than would concrete flatwork on the 
same soil. A sand setting bed placed 
over the base provides a smooth sur- 
face for setting the pavers. The units 
may be butted together edge to edge 
or spaced slightly. In either case, the 
surface allows water to pass through its 
joints to the soil beneath. Unit paving 
work is generally performed by a spe- 
cialized subcontractor. 

Simple, elegant patterns can be 
made with unit pavers. Concrete pav- 
ers are manufactured in a variety of 
shapes, and some are designed to 
interlock to form patterns. Simple 
rectangular or square shapes can be 
arranged to form patterns as well (Fig- 
ure 21.6). Bricks are a durable and 


colorful unit paving material and are 
used for many traditional patterns. 
Stone paving made of flagstones, 
granite setts, and cobblestones is also 
common in the East. When designing 
unit paving, one of the most impor- 
tant considerations is the edge of the 
installation, where pavers will have 
to be cut (usually with a diamond- 
bladed masonry saw) for all but the 
simplest patterns. 


FIGURE 21.5 


Stone Paving 


Natural stone is the most expensive 
paving option but is often selected 
for its aesthetic appeal despite its 
high cost. Flagstones, cobblestones, 
and other quarried local stones such 
as granite, basalt, and limestone are 
commonly employed for residen- 
tial terraces, paths, and steps. Large 
stones are inherently stable and thus 


Brick pavers being laid on a setting bed of compacted gravel topped with a thin layer 


of sand. (Photo by Rob Thallon) 


RUNNING BOND 
PARQUET 


COMBINED HEXAGON 


FIGURE 21.6 


RUNNING BOND 


BASKET WEAVE OR 


BASKET WEAVE OR 
PARQUET 


Common patterns of various unit pavers. (Reprinted by permission from Ramsey/Sleeper, 
Architectural Graphic Standards, 10th ed., John Ray Hoke, Jr, A.I.A., Editor, John Wiley & 
Sons, Hoboken, New Jersey, 2000. © 2000 by John Wiley & Sons) 


may be set directly onto a bed of 
sand over a gravel base, while smaller 
stones must be laid in mortar over 
a concrete base. As with most forms 
of paving, stability of the edge of the 
paved area is a major concern for the 
overall durability of the installation. 


LEVEL CHANGES 


On sloping sites, slope stabilization 
and the creation of reasonably level 
areas for human use are often impor- 
tant. For gently sloping sites, the sim- 
plest approach is to allow landscape 
features such as lawns, planting beds, 
and paths to follow the slope of the 
terrain. For steeper sites, however, 
more dramatic measures such as re- 
taining walls and steps must often 
be constructed (Figure 21.7). In all 
cases, runoff needs to be controlled 
to prevent erosion. 


FIGURE 21.7 

Flagstone steps in this entry path take 
up the difference in grade between the 
street and the front porch. Dry-stacked 
stone retaining walls create terraces for 
planting. (Photo by Rob Thallon) 
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FIGURE 21.8 

Finish sitework for the common 
entrance to a large residential project. 
Development at this scale typically 
includes paving, planting, irrigation, 
storm drainage, and lighting of all public 
spaces. (Photo by Rob Thallon) 
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FIGURE 21.9 

Possible types of failure of a retaining wall. (Reprinted by permission from Ramsey/Sleeper, 
Architectural Graphic Standards, 10th ed., John Ray Hoke, Jr, A.L.A., Editor, John Wiley & 
Sons, Hoboken, New Jersey, 2000. © 2000 by John Wiley & Sons) 


HORIZONTAL TIMBERS OR RAILROAD TIES. 
DRIVE ROD THROUGH VERTICALLY AT 4-0" Oc 
IF SOL IS ACTIVE OR IF MORE THAN 3'-0" OF 


Ut WOODED POLES OF 
CONSTANT OR MIXED 
DIAMETERS SET SIDE BY 
SIDE MAKE AN ATTRACTIVE 


SOIL 16 BEING RETAINED, CONSIDER A 
* 


“DEADMAN" AT 6'-0" Oc. 


wat 


Retaining Walls 


Retaining walls are freestanding struc- 
tural walls that resist the horizontal 
force of soil at major changes of level 
(Figure 21.9). The engineering de- 
sign of retaining walls depends pri- 
marily on the type and slope of the 
soil being retained, the soil upon 
which the wall bears, and the height 
of the wall. 

Most codes allow low retain- 
ing walls (4 feet or less between the 
two soil levels) to be designed with- 
out the involvement of an engineer. 
These walls may be made of con- 
crete, concrete block, stone, cast 
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FIGURE 21.11 

Sections of typical reinforced 
concrete retaining walls. Simi- 

lar walls are often made with 
concrete block. Reinforcing steel 
in these walls and footings can 

be reduced if the retaining wall 

is braced at regular intervals with 
perpendicular concrete or ma- 
sonry walls. (Reprinted by permission 
Jrom Ramsey/Sleeper, Architectural 
Graphic Standards, 10th ed., John 
Ray Hoke, Jr, AIA., Editor, John 
Wiley & Sons, Hoboken, New Jersey, 
2000. © 2000 by John Wiley & Sons) 
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NOTE: See General Notes for design parameters. 


FIGURE 21.12 

Typical cantilever retaining wall showing 
steel reinforcing. (Reprinted by permission 
from Ramsey/Sleeper, Architectural Graphic 
Standards, 10th ed., John Ray Hoke, Jn, A.LA., 
Editor, John Wiley & Sons, Hoboken, New Jersey, 
2000. © 2000 by John Wiley & Sons) 


masonry retaining units, preservative- 
treated wood, and other materials. 
They may be built with or without a 
foundation and are sometimes can- 
tilevered from the ground with piers 
analogous to wooden fence posts 
(Figure 21.10). 

The design review of a registered 
professional engineer is required for 
retaining walls over 4 feet (1.2 m) in 
height. These walls are usually made 
of either cast-in-place reinforced con- 
crete or reinforced concrete block, 
both of which require concrete foot- 
ings (Figure 21.11). The footing is 
similar to a foundation wall strip foot- 
ing but is often wider to help resist 
the sliding and overturning forces 
of the retained soil. When the foot- 
ing is extended on the uphill side 
of the wall, the soil above the foot- 
ing contributes to the weight of the 
construction to help prevent rotation 
and sliding. The connection between 
footing and retaining wall is the lo- 
cation of a great deal of stress and 
is typically heavily reinforced (Fig- 
ure 21.12). Tall retaining walls made 
of concrete or concrete block are 
frequently covered with a veneer of 
stone or brick for better appearance 
(Figure 5.43). 
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FIGURE 21.13 
Dry-stack interlocking masonry retaining systems have become popular in recent 


years. The masonry units interlock but use no mortar so slight movement of the wall 
is not detectable or harmful. The serpentine shape of these walls contributes to their 
stability. (Photo by Rob Thallon) 
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FIGURE 21.14 


A simple paving pattern in the foreground is held 
at the edges by a permanent wooden form and a 
concrete masonry unit (CMU) retaining wall. Col- 
umns made of half-block CMUs flank a paver stair 
between offset retaining walls and support a trellis 
above, forming a gateway into the woods beyond. 


(Photo by Rob Thallon) 


Outdoor Steps 


Outdoor steps may be made of con- 
crete, wood, stone, bricks, and com- 
binations of these and other materi- 
als (Figure 21.15). They can be very 
wide, making a grand connection 
between terraces at different levels, 
or quite narrow, providing utilitarian 
access to different parts of the site. 


FIGURE 21.15 


(Photo by Cynthia Girling) 


FIGURE 21.16 
Concrete steps to a new residence. The upper steps have been backfilled. 
(Photo by Rob Thallon) 


Regardless of their width, outdoor 
steps are generally less steep than 
their indoor equivalents because the 
human stride is longer when taken 
outdoors. The typical proportions for 
outdoor steps include a rise of about 
6 inches (150 mm) and a run of 
14 inches (350 mm). Steps that have 
arise as low as 4 inches (100 mm) are 
not uncommon. 


New wooden steps under construction. Preservative-treated stringers 
notched for the treads and risers are bolted to preservative-treated 4 x 4 
posts set into concrete. These treads and risers are made of cedar. Other 
decay-resistant species and synthetic decking are often used as well. 


Concrete steps are formed much 
like a sidewalk (Figure 21.16). The 
work is done by concrete flatwork 
contractors who place and compact 
the aggregate base, construct the 
forms, and pour and finish the con- 
crete. Concrete steps may also be 
finished by adhering other materi- 
als such as tiles, pavers, or stones to 
them. 


es 
Ss ee ee 


FIGURE 21.17 
The transition from a brick terrace to a wooden porch 


FIGURE 21.18 


is made in this case with a stairway constructed partly of 
brick and partly of wood. (Photo by Brad Stangeland) 


Durable and inexpensive steps 
may also be made of decay-resistant 
timbers backfilled with gravel. When 
bricks or other unit pavers are used as 
treads in such steps, the width of the 
steps should be carefully calculated 
to correspond to paver modules in 
order to avoid undue cutting of ma- 
sonry units. 


PORCHES AND DECKS 


Outdoor porches, decks, and stairs 
that are above grade are usually 
made of wood (Figure 21.18). The 
materials and construction methods 
are quite similar to those used to 


construct the house, so the work is 
often done by the framing and/or 
finish crew. 

Because the work is exposed to 
the weather, decay-resistant heart- 
woods, wood that is pressure treat- 
ed with preservatives, or wood/ 
plastic composite planks are used. 
If nondurable woods are used, 
they will decay at the joints, where 
water is trapped and held by cap- 
illary action. Even with durable 
woods, joints should be minimized, 
drainage space should be provided 
wherever possible, and gaps should 
be left between adjacent planks to 
allow for expansion, contraction, 
and drainage. 
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An exterior deck of redwood. The decking boards have spaces 
between them to allow water to drain through them. (Designer: John 
Matthias. Photo by Ernest Braun. Courtesy of California Redwood Association) 


Structure for 
Porches and Decks 


A post-and-beam structure generally 
supports the level surface of the deck 
(Figure 21.19). The posts bear on 
precast or cast-in-place concrete piers 
located on solid bearing soil. Beams 
sit on top of the posts and carry joists 
that run perpendicular to them. The 
joists carry the decking or, alterna- 
tively, the decking is fastened directly 
to the beams. 

This structural system of posts, 
beams, and joists must be braced 
against lateral movement, which is 
usually accomplished by diagonal 
bracing between the posts. If one or 
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more edges of the deck are against 
the house, as is often the case, this 
edge can be braced by bolting it to 
the house using a detail that has been 
carefully thought out to avoid trap- 
ping water. Diagonal braces in a hori- 
zontal plane beneath the joists then 
impart stability to the entire deck. Ifit 
is exposed to view, the bracing struc- 
ture may be carefully detailed and 
crafted. Alternatively, vertical planes 
of bracing may be enclosed with 
screening that allows ventilation (but 
not pets or wildlife) into the space 
below the deck. 


Decking Boards 


The decking boards are the most vis- 
ible part of a deck, so they should 
be carefully selected and applied. 
Clear and tight-knot grades of decay- 
resistant species of wood make the 
most durable and beautiful decks. 
A2 x6 or 5/4 X 6 board is the most 
common size for decking because its 
width minimizes expansion, contrac- 
tion, and cupping. Decking boards 
should always have open, spaced 
joints to allow for drainage of water 
through the deck and for expansion 
and contraction of the decking. Fas- 
tening the boards with specialized 
deck screws or with hot-dipped galva- 
nized casing nails will minimize the 
withdrawal of fasteners due to expan- 
sion and contraction of the material. 
Synthetic decking boards are 
manufactured of reclaimed wood fiber 
and recycled plastic. They are not sus- 
ceptible to decay and have an integral 
nonskid surface. They are fastened 
to joists or beams with nails or deck 
screws in accordance with the recom- 
mendations of the decking manufac- 
turer. Synthetic boards are not as stiff 
as wood. For this reason, the joists that 
support them must be spaced closer 
together than for wood decking. 


Deck Railing 


If a deck or porch is 30 inches or 
more above finish grade, a 36-inch- 


FIGURE 21.19 
Typical structural organization of a deck. Decking, joists, and beams 


must all be designed to have sufficient structural strength and stiff- 


ness. Diagonal bracing must usually be added to the system for lateral 


stability. 


high (900-mm) guardrail is required 
by code to prevent people from fall- 
ing off. This rail must be firmly con- 
nected to the framing of the deck and 
often is connected to the same posts 
that support the deck as they extend 
above deck level. The building code 
has stringent requirements for the re- 
sistance of guardrails to lateral push- 
ing actions. The most common rail is 
formed with 2 x 4 or 2 x 6 horizontal 
members at the top and bottom with 
vertical l-inch pieces between (Fig- 
ure 21.20). More imaginative designs 
can incorporate seating and planters 
with the railing. 


FINISH GRADING 


Finish grading is the final placement 
and smoothing of the soil. The soil 
must follow contours specified on 
the drawings, must be backfilled as 
specified against the building, and 


must be flush with site features such 
as driveway, walks, and terraces. If 
topsoil was removed and stockpiled 
earlier during excavation, this soil 
is now distributed across the site for 
finish grading. If topsoil must be im- 
ported, it should be spread to a min- 
imum thickness of 6 inches. Where 
soil is highly cohesive, the contract 
may specify a maximum size of clod 
that is allowed on the finish surface 
of the ground. 

Finish grading may be done 
with a variety of small earth-moving 
equipment and is usually the re- 
sponsibility of a landscape contrac- 
tor. The first phase of placing the 
topsoil is necessarily carried out af- 
ter the paving is in place but before 
the fencing, lighting, or irrigation 
systems are installed (Figure 21.21). 
This timing allows the equipment to 
move freely around the site and to 
backfill against the paving without 
damaging buried pipes or wires. 


FIGURE 21.20 
A simple deck railing made with 1 x 8 boards spaced 4 inches apart. A 2 x 6 cap resists 
outward thrust on the rail. (Photo by Rob Thallon) 


FIGURE 21.21 
Finish grading is commonly done with a small tractor. (Photo by Rob Thallon) 
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After the fencing, lighting, and ir- 
rigation are installed, hand raking 
is employed to make fine adjust- 
ments in the level and smoothness 
of the soil. 


FENCING 


Fences, screens, and walls may be 
employed for a variety of purposes, 
including privacy, security, pet con- 
tainment, deer control, and aesthet- 
ics. The barriers used for these pur- 
poses are made of an assortment of 
materials (wood, masonry, metal) 
and in a wide range of heights. De- 
tails that must be considered in their 
design include not only the basic sec- 
tion, but also transitions at corners, 
ends, slopes, and gates. If there is a 
fence or wall to be constructed as 
part of the general contract, it will 
be detailed and specified by the 
designer and included in the basic 
bid for construction. The work is 
usually performed by a specialized 
subcontractor. 

By far the most common fencing 
is the wooden fence (Figures 21.22 
and 21.23). Even with just the sim- 
ple components of post, (horizon- 
tal) rail, and (vertical) slat, there are 
literally hundreds of ways to build 
the “typical” fence. This is because 
there are numerous ways to make 
each connection and a wide variety 
of materials and material sizes (Fig- 
ures 21.24 and 21.25). Like decks 
and other outdoor structures, wood- 
en fences, in order to last, must be 
constructed of weather-resistant 
materials and detailed to minimize 
the accumulation and retention of 
moisture in the connections. Pre- 
servative-treated lumber is used for 
direct-burial posts and posts embed- 
ded in concrete, and lumber made 
of naturally decay-resistant species 
of wood such as cedar is usually used 
for other parts of the fence. Details 
should encourage the drainage of 
water from horizontal surfaces and 
avoid the trapping of moisture in 
joints. 
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FIGURE 21.22 
Two of the most common fence types: the double-sided privacy fence and the picket fence. There are many ways to make a simple 
wood fence. Great variety is possible by selecting different materials and by spacing, orienting, and layering them in different ways. 


FIGURE 21.24 

FIGURE 21.23 There are four possible basic relation- 
An elegant fence made of simple materials provides privacy and enhances the ships of simple horizontal fence rails to a 
aesthetics of the street. (Photo by Rob Thallon) fence post. 


FIGURE 21.25 


Wood post 

Fence posts must be 
stabilized by the ground. 
The most common method 
s 6. 99 . 
is to “plant” a preservative- Compacied 
treated post directly into fill 
the soil. An alternative 
method is to support the Rocks for 
post with a metal bracket stability 
anchored to a concrete 
footing. The metal bracket 
must be bolted to the post Frost line 
and be sufficiently talland 9 - =f il Tr - 

: Gravel 
strong to provide lateral 
stability. 


FIGURE 21.26 
Exterior lighting is important for safety and can highlight the features of a house and 


its landscape. At this residence, line voltage is used for path lights and lights on the 
building. Low-voltage lights are located in the trees. (Photo by Kenneth Rice. From Jan 
Moyer, The Landscape Lighting Book, copyright 1992, John Wiley & Sons, Hoboken, New 
Jersey. Reprinted by permission of John Wiley & Sons, Inc.) 
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OUTDOOR LIGHTING 


Landscape lighting is used to illumi- 
nate pathways and gathering areas 
and to highlight landscape features. 
Electrical power may also be required 
at outdoor cooking areas. If outdoor 
lighting or power is specified in the 
landscape plan, it is best installed 
before planting trees, shrubs, and 
flowers, because the wires run un- 
derground and trenching for wires is 
very disruptive to plants. 

There are two basic types of owdt- 
door lighting (Figure 21.26). One type 
uses line voltage (110 volts) transmit- 
ted through direct burial cable that 
must be buried at least 12 inches be- 
low the surface. Line voltage lighting 
is wired directly into the house elec- 
trical system and is most commonly 
used to illuminate garden  struc- 
tures. The other type of lighting is 
low-voltage lighting, which requires a 
transformer to reduce the voltage. 
Low-voltage wires do not have to 
be buried deep in the ground for 
safety because they are incapable of 
giving a fatal electric shock or caus- 
ing a fire. Low-voltage systems are 
most commonly used for pathway 
and step illumination. Installation 
of a line voltage system requires a li- 
censed electrician, whereas that of a 
low-voltage system does not. 
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FIGURE 21.27 

A new sprinkler system being installed. 
The rigid white polyvinyl chloride (PVC) 
line conducts water under pressure 
from a zone controller at the water 
supply. The sprinkler head is mounted 
on a flexible line, and its position can 

be adjusted as finish grading is refined. 
(Photo by Rob Thallon) 


IRRIGATION 


An irrigation system, when specified, 
is usually installed after finish grad- 
ing because sprinkler heads must be set 
flush with finish grade. In some cases, 
the distribution pipes are set prior to 
finish grading, as this sequence saves 
some trenching, but great care must 
be taken not to crush the pipes with 
grading equipment. Irrigation sys- 
tems are typically installed by a spe- 
cialized subcontractor. 
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Sprinkler systems employ plastic 
pipe with glued or clamped connec- 
tions (Figure 21.27). The distribution 
pipes do not usually need to be set be- 
low the frost line because the system 
is drained in the cold months when 
not in use. The most common sprin- 
kler head is the pop-up type made of 
plastic or plastic and metal. These 
heads retract automatically when not 
in use, so they are not likely to be 
damaged by yard equipment. There 
is a variety of head types, ranging 
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from a 360-degree spray to a narrow- 
angle, adjustable spray to a fine mist. 

Sprinkler systems are organized 
into zones of about four to six heads 
each so that adequate pressure can 
be delivered to each head. Zoning 
also allows different amounts of water 
to be delivered to different kinds of 
plantings. The zones are controlled 
by an electric timer that turns them 
on sequentially by means of solenoid 
valves, one at a time, according to a 
set schedule. 
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Typical planting details for trees and shrubs. (Reprinted by permission from Ramsey/Sleeper, Architectural Graphic Standards, 10th ed., 
John Ray Hoke, Jr, A.LA., Editor, John Wiley & Sons, Hoboken, New Jersey, 2000. © 2000 by John Wiley & Sons) 


PLANTING 


Planting around newly constructed 
houses is typically limited to trees, 
shrubs, and lawn grass. Trees can 
provide shade, texture, color, and 
scale to a house, and shrubs have 
similar qualities, sometimes add- 
ing fragrance and flowers as well. 
Lawns are appreciated for provid- 
ing verdant open space that is soft 
underfoot, resistant to erosion, and 
relatively easy to maintain. Whatever 
ground is not planted in these ma- 
terials is usually mulched with shred- 
ded bark to deter weed growth. 
Mulched areas are either designed 
to be permanent (in which case 
gravel is sometimes used) or with 
the expectation that the occupants 
of the new house will continue with 
the planting by adding perennials, 
annuals, and/or vegetables. The 
initial installation of trees, shrubs, 


lawn, and mulch is typically done by 
a landscape contractor. 

The planting of trees and shrubs 
requires the digging of large holes 
that displace considerable soil (Fig- 
ure 21.28). This work is therefore 
generally undertaken before final 
grading occurs. Large holes are dug 
with heavy machinery when possible, 
and small holes for shrubs are often 
dug out by hand. It is important to 
make each hole large enough to al- 
low for root growth while a tree or 
shrub becomes established, especially 
if the underlying soil is poor. A hole 
diameter 1% to 2 times the diameter 
of the root ball is a rule of thumb 
used by landscape contractors. The 
hole should be backfilled with native 
soil amended with components that 
promote aeration, drainage, and root 
growth. 

A lawn for a new residence is ei- 
ther grown from seed or laid as strips 
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FIGURE 21.29 

These workers are installing a sod lawn 
on an irregularly shaped, sloping site. 
The worker at the left is unrolling a sod 
strip that will be trimmed to fit against 
the strips already laid. (Photo by Helen 
Etzwiler) 


of sod. Seeded lawns are less expen- 
sive but can only be planted during 
certain seasons of the year (typically 
spring and fall) and must endure a 
long period of vulnerability while 
the seed germinates and the grass 
matures. During this period, seeded 
lawns must be kept moist and pro- 
tected from foot traffic of all types. 
Sod lawns are installed like a carpet of 
established grass and thus are initially 
less susceptible to damage than seed- 
ed lawns. However, sod should not be 
walked upon for a couple of weeks 
while the root system knits itself to 
the ground. Although sod lawns look 
good immediately and are usable 
relatively soon after installation, they 
are generally not as hardy as seeded 
lawns in the long run. The economics 
of lawn installation are such that large 
lawn areas are typically seeded while 
small lawn areas commonly employ 


sod (Figure 21.29). 
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GREEN CONSIDERATIONS 
IN FINISH SITEWORK 


e Erosion control to conserve top- 
soil and avoid pollution of waterways 
is the highest priority when working 
on the site. Geotextiles or straw can be 
used for temporary slope stabilization 
until grasses, ground cover plants, or 
shrubs have grown enough to take 
over the task. Drainage provisions for 
rainwater and snowmelt must be care- 
fully planned. 


e Itis usually preferable to dispose of 
storm water on the site by impound- 
ing it in detention ponds, swales, or 
dry wells from which it seeps into the 
ground to recharge aquifers (Fig- 
ure 21.30). This has the side benefit 
of reducing the load on municipal 
storm sewers, and the detention de- 
vices can be designed to filter the 
water before it reenters the aquifer. 


e Pave as little as possible because 
impervious surfaces increase runoff 
that can lead to flooding, erosion, 
water pollution, and depletion of soil 
water. 


e Where paving is necessary, consid- 
er using unit pavers, grass pavers, and 
porous concrete paving, which mini- 
mize runoff problems by absorbing 
much or all of the storm water that 
falls on them rather than channeling 
it into sewers. 


¢ Microirrigation (also known as 
drip irrigation) uses less pressure in 
smaller pipes to more efficiently ir- 
rigate plants than do the standard 
irrigation systems. In arid regions, it 
is especially important to employ mi- 
croirrigation for water conservation. 
¢ Native plant materials generally 
require less maintenance and can 
save water and other resources. 


¢ Xeriscaping, which is the use 
of drought-tolerant plants to mini- 
mize or eliminate outdoor watering, 
should be considered as an alterna- 
tive to the installation of lawns and 
ornamental gardens that require fre- 
quent watering. 


FIGURE 21.30 
A small bioswale at a Leadership in Energy and Environmental Design (LEED) silver 


project. The swale will help to retain storm water on the site, reducing the load on the 


municipal storm system and helping to recharge the aquifer. (Photo courtesy of Rainbow 


Valley Design and Construction) 


e Lawns are attractive and useful, 
but they generally require frequent 
irrigation with large volumes of wa- 
ter. They also demand feedings with 
chemical fertilizer and treatment 
with insecticides and herbicides. All 
these substances can be toxic, espe- 
cially to children who play on lawns. 
All of them tend to run off during 
rainstorms and end up in waterways. 
Lawn fertilizers are a prime source of 
the nitrates that foster weed growth 
in rivers and lakes. 

¢ Some synthetic deck boards are 
made of shredded wood that is bound 
together by plastic from recycled 
containers, a commendable reuse 
of waste materials. However, these 
boards require that the supporting 
joists be placed closer together than 
for solid wood decking, which uses 
more framing lumber. 


e There is no consensus on the po- 
tential dangers of preservative-treated 
wood except for the vicinities of the 
plants where it is manufactured. Chro- 
mated copper arsenate (CCA) preser- 
vative has been phased out of produc- 
tion, despite several scientific studies 
that found no toxic effect on humans. 
Alkaline copper quat (ACQ) and bo- 
rate preservatives seem to be less poi- 
sonous, pending definitive studies of 
their toxicity. Wood preservatives can 
be eliminated entirely from a site by 
using naturally decay-resistant woods, 
but such woods are becoming increas- 
ingly scarce and costly due to shrink- 
ing forest reserves. Masonry pavers, 
retaining walls, and garden walls can 
substitute for wood construction. Ma- 
sonry will always outlast wood and can 
have a competitive first cost in land- 
scapes with modest slopes. 


C.S.I./C.S.C. 
MasterFormat Section Numbers for Finish Sitework 


32 10 00 
32 11 00 
32 12 00 
32 13 00 
32 14 00 
32 16 00 
32 30 00 
32 31 00 
32 32 00 
32 80 00 
32 90 00 
32 91 00 
32 92 00 
32 93 00 
32 94 00 
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Key TERMs AND CONCEPTS 


flatwork 
subgrade 

gravel base 
control joint 
smooth finish 
broom finish 
washed aggregate 
stamped concrete 


Bases, Ballasts, and Paving 
Base Courses 

Flexible Paving 

Rigid Paving 

Unit Paving 
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Curbs, Gutters, Sidewalks, and Driveways 


Site Improvements 
Fences and Gates 
Retaining Walls 
Irrigation 

Planting 

Planting Preparation 
Turf and Grasses 
Plants 

Planting Accessories 


A reference book for landscape architects 
and designers that covers the topics of 
soils, paving, retaining walls, and wood 
structures. 

2. Thompson, J. William, and Sorvig, Kim. 
Sustainable Landscape Construction (2nd 
ed.). Washington, DC: Island Press, 2008. 


asphalt paving 

unit paving 

stone paving 
retaining wall 

finish grading 
fencing 

outdoor lighting 
line voltage lighting 


A book that treats environmentally re- 
sponsible landscape construction at all 
scales by laying out a set of 10 principles. 
The principles, such as “keep healthy sites 
healthy,” “heal injured sites,” and “pave 
less,” are discussed and illustrated with 
examples. 


low-voltage lighting 
irrigation system 
sprinkler head 
mulch 

amended soil 
seeded lawn 

sod lawn 
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REVIEW QUESTIONS 


1. Explain the logic of the gravel base. 
What variables does the design of a base 
depend on? 


2. Discuss the advantages of the various 
finishes that can be applied to flatwork. 


EXERCISES 


1. Design a deck with railing and stairs 
for an existing house. How is the deck 
braced? What is the structure of the rail- 
ing? Make a wooden model of the junc- 
tion between deck, rail, and stair. 


2. Take a tour of a residential neighbor- 
hood and photograph as many types 


3. What are the principal design consider- 
ations for a unit paver surface? 


4. Describe a logical schedule for the con- 
struction of a full complement of residen- 
tial site development, including planting. 


of fences as possible. Make a presenta- 
tion to your class and discuss the func- 
tions, advantages, and disadvantages of 
each type. 

3. Obtain a site development plan from 
a contractor or landscape architect and 
discuss the implementation of the plan in 


What components of the construction 
may overlap? What components are re- 
quired to overlap? 


class. How would the work be scheduled? 
How many subcontractors would likely 
be involved? What would be the detailed 
step-by-step process employed by each 
subcontractor? 


PART 
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ALTERNATIVE 
CONSTRUCTION 
SYSTEMS 
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¢ History 

¢ Special Issues 

¢ Foundations 

¢ Framing 

¢ Acoustical Separation 


¢ Fire Protection 
Regulating Combustibility 
Fire Sprinkler Systems 
Fire Separation 
Fire Blocking 


MULTIFAMILY 
CONSTRUCTION 


¢ Systems 
¢ Accessibility 
¢ Site Management 


¢ Green Issues for Multifamily 
Housing 
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HISTORY 


It has only been in the last few hun- 
dred years that a significant percent- 
age of housing has been built in the 
form of multifamily structures. Prior 
to the Industrial Revolution, people 
came together in villages and towns 
primarily for collective agricultural 
convenience, defensive purposes, 
and the simple desire for human in- 
teraction. Most group housing in an- 
cient times consisted of collections 
of attached buildings that housed 
extended families. These were often 
fortress-like with defensible access 
and minimal windows on the exteri- 
or. Examples can be found in Africa 
(the Gurunsi of Upper Volta), Asia 
(the silo-cave courtyard housing of 
northern China), and North America 
(the pueblo dwellings of the Ameri- 
can Southwest). By the Middle Ages, 
great fortified cities could be found 
across the globe, including London, 
Rome, Dubrovnik, and Kyoto. 

However, true cities (where the 
need for density is greatest) housed 
a relatively minor proportion of 
the human population until quite 
recently. In 1700, only about 3 per- 
cent of the world’s population lived 
in settlements of more than 5000 
people. The biggest shift of popula- 
tions toward cities was the result of 
the Industrial Revolution, which 
started in the mid-18th century. The 
opportunities to find work in facto- 
ries brought swarms of people to the 
cities. By 1900, the percentage of 
people living in cities had climbed 
to more than 13 percent worldwide. 
This influx of people to urban areas 
created a boom in worker housing 
and, with it, overcrowding and prob- 
lems with sanitation, ventilation, fire 
safety, and privacy. 

In North America, Philadelphia 
was one of the first cities to adopt the 
European pattern of urban living. In 
that city, as early as 1700, deep, nar- 
row lots promoted attached housing 
called townhouses. Other East Coast 


FIGURE 22.1 
Taos Pueblo was certainly one of the earliest multifamily buildings on the continent. 
Started around AD 1000, it grew to approximately its present size by the year 1400. 


With over 600 rooms and up to five stories tall in places, the large adobe complex 


served for centuries as a trading and religious center and is the longest continuously 
occupied building on the continent. (Photo by Rob Thallon) 


cities soon followed this example, 
and by the turn of the next century, 
townhouses were prevalent in most 
cities across the country. In the East 
and Midwest, most were constructed 
of brick or stone, while wood was the 
material of choice in the West. 

The townhouse type, originally de- 
veloped for prosperous families with 
country property who also wanted a 
residence in town, was later adapted 
for middle-class urban residents and 
for worker housing in mill towns 
across the continent. To conserve 
land, the connected houses were 
made smaller and narrower, leading 
to the so-called tenement houses with 
central rooms that lacked ventilation 
and daylight (Figure 22.2). 

In New York, a series of Tene- 
ment House Acts starting in 1867 
were designed to alleviate the squa- 
lor associated with worker housing. 
These acts required multifamily 
housing to have shared privies in 
the building, windows opening to 
fresh air for every room, and escape 
routes in case of fire. By 1901, the 


acts included provisions for flush 
toilets and effective garbage remov- 
al. In 1927, the Uniform Building 
Code was enacted, becoming the 
first of several major codes govern- 
ing the design and construction of 
all buildings, including residential, 
for the remainder of the 20th cen- 
tury. During this period, separate 
one- and two-family dwelling codes 
were developed, but the regulation 
of multifamily buildings remained 
under the jurisdiction of the parent 
codes. In 2000, the various regional 
code organizations were combined 
into the International Code Coun- 
cil with the intention of providing a 
single set of codes for all of North 
America. The first code issued by this 
new organization was the 2000 In- 
ternational Residential Code (IRC), 
which regulates one- and two-family 
residences and townhouses up to 
three stories in height. The 2003 
International Building Code (IBC) 
pertains to all other buildings, in- 
cluding multifamily buildings that 
are not townhouses. 
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FIGURE 22.2 It is interesting to note that the 

; i yew The social codes differentiate residential con- 
~ issues related to struction by type. One- and two-family 
overcrowding in residences and townhouses are gov- 

tenement housing erned by the residential code (IRC), 

= were discussed in this = and other types by the more general 
edition of Harper’s building code (IBC)—presumably 

Weekly from the because issues of emergency egress 

summer of 1883 and and access are quite different in the 

in many other media two groups. Townhouses (also called 

of the time. row houses) are multifamily buildings 


in which each unit has a private en- 
trance from a ground-level public out- 
door space. In this sense, a townhouse 
building is essentially an expanded 
duplex (Figure 22.3). Units in other 
types of multifamily construction, on 
the other hand, do not necessarily 
connect with the ground. Flats, for 
example, are organized horizontally 
so that some units do not touch the 
ground, and this is the reason that 
emergency access is more compli- 
cated. Thus, this type of multifamily 
building is grouped in the building 
codes with other large multiuse and 
tall buildings in which issues of public 
health and safety are greater because 
of the greater height, area, and over- 
all scale (Figures 1.24 and 22.4). 


FIGURE 22.3 

A three-story townhouse-style student housing project. 
Apartments are arranged around a central courtyard 
with semiprivate terraces, and ground-level parking is 
out of sight on the perimeter. Each apartment has a 
ground-level entry, and there are no elevators. Build- 
ing forms and the use of color create visual interest. 
(Photo by Rob Thallon) 
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Codes regulate the areas and 
heights of multifamily buildings. 
The area restrictions are primarily 
designed to limit the spread of fire, 
with smaller buildings having lower 
fire-resistance requirements. For 
this reason, buildings that appear to 
be very large are often divided into 
more than one building with fire-rat- 
ed walls that extend from foundation 
through roof. Until quite recently, 
most wood-framed residential build- 
ings were limited to three stories 
in height, mostly for reasons of fire 
safety. But as fire safety improved 
and the economic pressure to add 
another rentable story combined 
with the environmental argument 
for greater efficiency, codes were re- 
laxed. Now four and even five stories 
of wood frame construction are al- 
lowed. Many jurisdictions allow this 
wood frame construction to be situ- 
ated above a single-story fire-resistant 
concrete structure. The ultimate 


FIGURE 22.4 


height limit is related to accessibil- 
ity by a fire rescue hook-and-ladder 
truck parked at the lowest level of 
the building. 

Multifamily buildings are also 
defined by ownership. Hotels and 
apartment buildings are under sin- 
gle ownership, and the individual 
units are rented or leased. Condomin- 
tums are a variation on this model in 
which the units are owned individu- 
ally, but the building and land are 
owned jointly, and the maintenance 
of the common spaces and exterior 
of the building are managed by an 
owners’ association to which each 
owner pays dues. 

Circulation systems also differ- 
entiate multifamily buildings. Build- 
ings can have private entrances from 
public outdoor spaces (townhouses), 
shared vertical circulation with mul- 
tiple stacked units off a single stair 
(walk-ups, flats), or shared horizon- 
tal circulation with multiple units 


Four stories of wood-framed construction over a single-story 
concrete plinth in San Francisco. Apartments are arranged as flats, 
one stacked over another with horizontal circulation that is reached 
by an elevator. (Photo by Rob Thallon) 
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FIGURE 22.5 


U.S. housing production measured in 
thousands of units. Multifamily housing 
accounted for more than 18 percent of 
residential construction, which amounted 
to more than $50 billion worth of 
construction for the year documented. 
(Source: U.S. Census Bureau, Housing 
Completions, 2000) 


off a corridor (hotels, dorms, apart- 
ments). 

As the population continues 
to migrate to urban settings, the 
importance of multifamily hous- 
ing will increase. In the year 2000, 
the worldwide population living in 
cities had increased to 50 percent. 
Currently in North America, the de- 
sign and construction of multifamily 
housing employs about 20 percent 
of professionals in the related fields 
(Figure 22.5). Thus, it is important to 
understand the distinctions between 
this type of housing and the more 
common single-family house. 

Although some multifamily hous- 
ing occurs in high-rise buildings, most 
is found in low- or midrise buildings 
of five stories or less. The high-rise 
component is not covered here be- 
cause the construction materials and 
methods are more related to heavier 
types of construction and are thus be- 
yond the scope of this book. 


SPECIAL ISSUES 


The fact that multifamily units are 
tightly packed, often one above an- 
other, leads to a number of problems 
that must be solved with special de- 
sign and construction. Fire safety re- 
quires particular attention. Natural 
ventilation and daylight are challeng- 
ing. Acoustical privacy is difficult be- 
cause of the proximity of units. Struc- 
tural issues become more extreme as 
the height of the building increases. 
Because these issues are complicated 
and a great number of lives are af- 
fected by the response to them, most 
jurisdictions require that a licensed 
architect oversee the design of mul- 
tifamily residences governed by the 
International Building Code. 


FOUNDATIONS 


Foundations for multifamily build- 
ings must meet the same require- 
ments as those for single-family 
residences—supporting the loads 
of the building while separating the 
structure and the occupied spaces 
from the moisture of the ground. Be- 
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cause multifamily buildings are gen- 
erally taller and larger than single- 
family residences, the structural loads 
are greater, and this leads to the need 
for stronger foundations. Footings 
are wider, stem walls are thicker, and 
more reinforcing is required. 

Often, the foundation type is 
dictated by the need for parking. 
Where land is available for sur- 
face parking, the building founda- 
tion is typically a concrete slab on 
grade—by far the least expensive 
foundation option (Figure 22.6). A 
slab-on-grade foundation for a large 
multifamily building is essentially a 
larger, stronger version of this foun- 
dation type that would be built for 
a single-family residence. The ad- 
vantages of simplicity and lower cost 
as compared to other foundation 
types apply to multifamily buildings 
the same as they do for single-family 
residences. However, greater gravity 
loads and lateral loads on the larger 
building require the footings to be 
wider and thicker. The increased 
likelihood of differential settling 
because of a larger footprint will 
require a stronger foundation for 
uneven or weak soils (Figure 22.7). 


FIGURE 22.6 

A four-story wood-framed apartment 
building built in 2009. All four levels 
are entirely residential, and parking 

is adjacent on a surface lot. The 
foundation for this building is a slab on 
grade. (Photo by Rob Thallon) 


(a) 


(0) 


FIGURE 22.7 

Three ways to configure structural con- 
crete parking and/or commercial space 
below wood light frame housing: (a) Park- 
ing below grade with four or five floors of 
housing above. (b) Commercial space and/ 
or parking at grade with four or five floors 
of housing above. (c) Parking below grade 
with commercial and/or parking at grade 
and four or five floors of housing above. 
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In urban contexts where land 
is most expensive and development 
must be dense, the favored option for 
required parking is usually to locate it 
below the building. Where mixed-use 
zoning allows commercial activities 
in the same building with residential 
uses, the commercial uses can be lo- 
cated on the ground floor with the 
residential stacked above. The struc- 
ture of the commercial story provides 


the foundation for the residential 
construction. 

When vehicle parking is located 
beneath the residential units, a foot- 
ing and stem wall foundation are gen- 
erally employed (Figure 22.9). If the 
parking is below grade, foundation 
walls are long and continuous and 
(along with backfill) will effectively 
stabilize the building. With parking at 
grade, however, foundation walls are 


FIGURE 22.8 

A slab-on-grade foundation being 
prepared at one end of a large 
multifamily building. All of the 
plumbing drains and the electri- 
cal conduits have been installed 
and covered with gravel. Workers 
are compacting gravel, installing 
reinforcing wire, and pouring 
the slab in sections. (Photo by Rob 
Thallon) 


FIGURE 22.9 

Concrete footings with rebar projecting 
for concrete foundation walls for an 
underground parking garage. The sides 
of the excavation have been draped 

with plastic to control erosion. Note the 
concentrated rebar at intervals along the 
perimeter walls to strengthen the wall for 
columns that will support upper floors. 
(Courtesy Rowell/Brokaw Architects) 


usually reduced in length in order to 
keep the vehicle level fairly open for 
ventilation (Figure 1.24). The scale 
and relative openness of a parking 
level makes design for lateral stabil- 
ity more difficult, and the strategic 
location of sufficient lengths of shear 
wall within the structure is important 
(Figures 22.10 and 22.11). 

When residential units of 
wood light frame construction are 
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FIGURE 22.10 

The underground parking garage shown in Figure 22.9 with concrete foundation walls 
completed and formwork for a posttensioned slab started at the edges. The rebar 
projecting from the top of the walls will be bent to tie in with rebar in the structural 
slab. Note the concrete shear walls perpendicular to the perimeter walls. (Courtesy 
Rowell/Brokaw Architects) 


FIGURE 22.11 
Workers forming perpendicular reinforced concrete shear walls at the ground level of 


a future five-story building. A posttensioned slab will be formed and poured at the top 
of the walls, and four stories of wood frame construction will be built on top of the 
slab. The shear wall to the left has rebar, conduit, and sleeves in place and is awaiting 
the final formwork. (Photo by Dee Etzwiler) 


constructed above a parking garage, 
the deck between the two must have 
sufficient resistance to the passage of 
fire that the apartments are unlikely 
to burn in the event of a prolonged 
petroleum fire at the parking level. 
The code typically specifies that this 
deck must have a fire-resistance rat- 
ing of 2 hours. The deck is also called 
upon in most instances to accept the 
loads from the walls and columns in 
the units above and to transfer them 
to the columns and walls in the park- 
ing garage. It is sometimes possible 
to plan the building so that the load- 
bearing walls and columns of the 
units are aligned over beams in the 
deck below, but this can be a difficult 
task, given that the column locations 
in the garage are largely dictated by 
automobile dimensions and not by 
residential layouts. 

The fire-rated deck may be con- 
structed in several ways. One is to use 
heavy timber beams and wood joists 
and decking (Figure 22.12). Another 
is to use structural steel framing and cor- 
rugated steel decking (Figures 22.13 and 
22.14). A concrete slab is poured over 
the steel decking to create a smooth 
floor above (Figure 22.15). In a 
steel frame, and in some instances 
in a heavy timber frame, fireproof- 
ing material must be applied to the 
members to achieve the required 
fire-resistance rating. Heavy timber 
or steel frame construction with 
decking that spans between framing 
members works better on a tight site 
than site-cast structural slabs because 
work at the parking level can proceed 
without being obstructed by a forest 
of shoring columns. 
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FIGURE 22.13 
Steel beams form the structure over this below-grade parking 


a 


garage. The beams are supported at the perimeter on reinforced 
concrete masonry unit (CMU) pilasters integrated with the CMU 
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retaining wall. The selection of steel framing allowed the parking 
garage to be used almost immediately as work space. If a postten- 
sioned slab, with its virtual forest of shoring, had been selected, 
the space would not have been available for at least several 
weeks. (Photo by Paul Dustrud) 
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FIGURE 22.12 

A hybrid structure supports the housing above this 
below-grade parking garage. The columns are concrete, 
long beams are steel wrapped with fire-rated insulation, and 
shorter beams are glulam timbers. Sprinklers protect the 


structure. Note that plumbing drains must pass under the 
beams. (Photo by Rob Thallon) 


FIGURE 22.14 

A steel girder is supported by a concrete column adjacent 
to a CMU shear wall in this below-grade parking garage. 
The tops of the beam and shear wall are flush and support 
a steel pan deck that, in turn, will provide support and 
formwork for a concrete deck above. The deformations in 
the corrugated steel pan deck allow the deck to physically 
bond with the concrete slab so that the steel and concrete 
work in concert to resist deformation of the assembly. 
The depth of the steel beam will reduce clearance in 
comparison with a posttensioned slab such as the one 
shown in Figure 22.37. All of the steel will need to be 
coated to protect it from fire. (Photo by Paul Dustrud) 
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FIGURE 22.16 

A four-story apartment building under construction in a dense urban area. The ground floor 
is constructed of masonry walls with precast concrete columns, beams, and hollow core 
planks. (Note the end of the planks just above the bed of the truck.) The upper floors are 
constructed of premanufactured wood panels. The entire structure except for the masonry 
foundation is manufactured off-site and lifted into place with a crane. (Photo by Rob Thallon) 


FIGURE 22.15 

Concrete workers place the slab on 

the steel deck shown in Figure 22.14. 
Notice the simplicity of the reinforcing 
and other preparations for concrete in 
comparison with the posttensioned deck 
shown in Figure 22.21. Penetrations of 
this deck for plumbing and other utilities 
will be made later with a concrete drill. 
(Photo by Paul Dustrud) 


Concrete deck systems are effec- 
tive and often economical for this 
application. Precast concrete ele- 
ments, usually hollow core planks, are 
produced in a factory and hauled 
to the site, where a crane lifts and 
places them side by side (Figure 
22.16). A concrete topping that is 
about 2 inches (50 mm) thick is 
usually poured over the slabs to pro- 
duce smooth floors and increase the 
fire-resistance rating (Figure 22.17). 
Precast concrete components are 
often insufficient in themselves to 
achieve the required fire-resistance 
rating. An applied fireproofing prod- 
uct, usually based on noncombus- 
tible fibers with a noncombustible 
binder, can be applied to the under- 
side of the components to increase 
the rating. 

Site-cast concrete decks are also 
widely used in this situation. Their 
greater thickness of concrete within 
which the reinforcing steel is em- 
bedded compared to that of precast 
elements is generally sufficient to 
achieve the required fire resistance 
without an applied fireproofing coat- 
ing. Among the various site-cast fram- 
ing systems, the one most commonly 
chosen for this application is the 
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Grout in the 
upper half of the 
hole anchors the 
beam to the 
reinforcing bar 
that projects from 
the column 


Reinforcing loops 
prevent vertical 
bar from tearing 
out of beam 


Precast column 


posttensioned two-way flat plate (Figure 
22.18). This is a concrete slab of uni- 
form thickness that is reinforced in 
both the longitudinal and the cross- 
wise directions with a grid of steel 
tendons. A tendon is a cable made 
of very high strength steel wires. It is 
enclosed in a plastic tube that is filled 
with a lubricant to protect the cable 
from corrosion and to assure that 
it can move freely within the tube. 
The tendons are placed in the form- 
work, and the concrete is poured and 
cured around them. When the con- 
crete has reached sufficient strength, 
workers with hydraulic jacks stretch 
each cable to a very high force, and 
the ends of the stretched cable are 
anchored to the edges of the slab 
(Figures 22.19 and 22.20). The force 
of the many tendons compresses 
the concrete in both directions of 
the building, which gives the slab 


Precast hollow 
core slabs, grout, 
and topping 


Mastic in the 
lower half of the 
hole allows for 
structural 
movement 


the necessary resistance to bend- 
ing. A concrete thickness of 9 to 10 
inches is generally sufficient to span 
columns spaced 29 or 30 feet apart 
in both directions, which are typical 
spans for a parking garage. Postten- 
sioned slabs (PT slabs) are sophisti- 
cated structural elements that must 
be carefully engineered and con- 
structed in order to perform as in- 
tended (Figure 22.21). 

A posttensioned concrete slab 
supplies an ideal foundation for 
multiple floors of lightweight wood 
construction above because it can 
be made strong enough to support 
the gravity loads of the building no 
matter where they fall. Another sig- 
nificant advantage of the PT slab is 
that it is relatively thin as compared 
to other systems with similar span- 
ning capacity because it has no 
beams on the underside to impede 


FIGURE 22.17 
Precast hollow core concrete deck system 
with a site-cast topping. 


clearance for parking or commer- 
cial activities. The disadvantages of 
this and other site-cast systems is that 
they require construction of form- 
work on the site—consuming valu- 
able on-site schedule for the erection 
of the formwork and usurping valu- 
able work space as it supports the 
curing slab for several weeks after it 
has been poured (Figures 22.22 and 
22.23). 

Residential units are often built 
above commercial establishments. 
The most common structural solu- 
tion to this situation is to construct 
the ground-floor commercial space 
with concrete columns and concrete 
or masonry shear walls that support 
a posttensioned concrete slab ceil- 
ing structure above. The slab serves 
as the floor of the first level of resi- 
dential spaces above. This entire first- 
floor concrete structure is referred 
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TYPICAL SECTION PARALLEL TO BANDED TENDONS (B-B) 


FIGURE 22.18 
A plan and two larger-scale sections of the tendon layout in a two-way flat plate floor with banded posttensioning. The number of tendons 


running in each of the two directions is identical, but those in one direction are concentrated into bands that run over the tops of the 
columns. The draping of the tendons is evident in the two section drawings. Building codes require that at least two distributed tendons 
run directly over each column to help reinforce against shear failure of the slab in this region. In addition to the tendons, conventional 
steel reinforcing is used around the columns and in midspan, but this has been omitted from these drawings for the sake of clarity. 
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FIGURE 22.19 

Forming and placing rebar for a structural post- 
tensioned slab at the second-floor level. The form 
deck extends beyond the edges of the slab in order 
to provide work space at the slab edge. Note the 
end anchorage fittings for posttensioned tendons 
that are screwed to the formwork at the lower right 
of the photo. The metal brackets attached to the 
formwork just above will connect a steel balcony 
railing after the slab is finished. (Courtesy of Rowell/ 
Brokaw Architects) 


FIGURE 22.20 


ANE Workers are tightening the tendons of this structural 


Ee 
ie 


posttensioned slab just 5 days after the slab was poured. The 
concrete was required to have reached a compressive strength of 
3000 psi. The tendons, which are about 100 feet long in this case, 
were stretched about 10 inches to achieve the required stress. The 
stretch length of the tendons is calculated by engineers so that 
workers can gauge the stress by merely measuring the movement 
of a mark on the cable. (Courtesy of Lease/Crutcher/Lewis Builds) 
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FIGURE 22.21 

Rebar, tendon cables, and utility sleeves 
are being installed in preparation for 
pouring concrete for a posttensioned 
slab. It is extremely important to 
accurately locate vertical penetrations 
of a PT slab for pipes and wires before 
it is poured. The concrete cannot be 
drilled or sawn for an opening without 
first x-raying the slab to be sure that 
PT tendons are not damaged. Note 

the complexity of preparations in 
relation to the metal pan deck system 
shown in Figure 22.15. (Courtesy of Pivot 
Architecture) 
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FIGURE 22.22 

Stacks of forms await placement above, where they will support the casting of a posttensioned 
slab. The structural frame of the modular forms and the stringers that support them are made 
of aluminum to minimize their weight for ease of handling. The vertical shoring members are 
steel and have a drop-head feature that allows them to remain in place to support the curing 
slab while the rest of the formwork is removed. (Photo by Dee Etzwiler) 
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FIGURE 22.24 

Workers finishing a ground-level structural posttensioned slab over a parking garage. 
Notice the one worker operating a power trowel while two riding power trowels sit 
idle. It is important for the contractor to have sufficient equipment and manpower 
available to place and finish large concrete projects such as this within a short time 
frame. Weather and concrete mix are variables that also need to be considered. 
(Courtesy of Rowell/Brokaw Architects) 


FIGURE 22.23 

The forms for a two-way flat 
plate structural slab are set 
lower around columns in order 
to form a thicker slab called a 
drop panel around the column. 
The drop panel will contain 
extra rebar and strengthen the 
slab around the column. Note 
the rebar projecting from the 
top of the reinforced concrete 
column that will structurally 
tie the column to the slab. 
(Photo by Dee Etzwiler) 


to as a podium. The long-span con- 
crete structural bays afford flexibility 
for retail leasing, and the continuous 
concrete ceiling/floor provides code- 
mandated fire separation as well as 
acoustical separation between the 
commercial and residential uses. 


FRAMING 


The framing of walls, floors, and roof 
is essentially the same for a relatively 
enormous multifamily building as for 
a single-family house. Gravity and lat- 
eral loads are greater because of the 
increased height and mass, but the 
same joists, rafters, trusses, and other 
framing components are generally 
adequate. Stud sizes in the lower lev- 
els may need to be increased, and 
stud spacing may have to be reduced, 
in order to support the greater num- 
ber of stories above (Figure 22.25). 
In all cases, engineering for lateral 
resistance is critical. Shear walls and 
hold-downs must be stronger than 
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FIGURE 22.25 

This framed wall is on the first floor of a three-story multifamily building. The framing 
is essentially the same as that for a single-family residence except the lateral loads are 
great enough that the bottom plate needs to be a 4 X 6 to allow sufficient nailing at the 
base of the shear walls. (Courtesy of Rowell/Brokaw Architects) 


FIGURE 22.26 
This six-story, 23-unit, wood-framed apartment building was tested with a 7.5 magnitude 
simulated earthquake on a monster shake table. The test, which took place in Japan 


during July 2009, reproduced the motion and 180 percent of the force of the devastat- 
ing Northridge earthquake. The test produced only minor damage to the building in the 
form of cracked drywall and withdrawn nails. (Courtesy of Simpson Strong-Tie Co., Inc.) 


those required for single-family hous- 
es, but wood frame construction up 
to six stories tall has been shown to 
be structurally adequate for even 
the most restrictive seismically active 
zones (Figure 22.26). 

Until very recently, many devel- 
opers refused to build multistory, 
multifamily housing projects of wood. 
This was because of the fact that wood 
changes dimension with a change 
in moisture content. With all of the 
cross-grain structure stacked up in 
a multistory building, the overall 
height of the building could change 
a couple of inches over the course of 
a year. This dimensional change has 
caused untold amounts of cracking 
plaster and envelope failures, and 
building owners have lost much of 
their profit to repair bills. Fortunate- 
ly, the advent of the engineered floor 
structure has appreciably changed 
this situation. The substitution of 
stable, engineered floor structure for 
dimension lumber has eliminated 
80 percent of the cross-grain lumber 
from the system, and owners and de- 
velopers can now be confident in the 
stability of four- and five-story wood 
structures. 

The most significant departure 
from standard framing for a multi- 
story, multifamily building usually 
occurs at the floor between the low- 
est level of residential occupancy and 
the parking or commercial level be- 
low. This is the same floor level where 
structure is often supplied by a post- 
tensioned slab. In this situation, when 
framing is used instead of a concrete 
slab, large beams made of steel, 
concrete, or engineered wood must 
be employed because of the need for 
long spans (Figure 22.12). The deep 
beams can make it difficult to route 
plumbing and ductwork, so it is im- 
portant to plan carefully for these sys- 
tems when a beam system is used. 

Other framing practices typi- 
cal for multifamily buildings include 
walls between units that are framed 
for acoustical separation and some 
special framing to achieve fire separa- 
tion (Figures 22.27 and 22.28). 
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Wall description and 
estimated STC rating 


FIGURE 22.27 
One layer of 5/g” Type X gypsum ee A chart showing a few of the numerous 


board on each side of 2 x 4 wood wall assemblies available to designers 
studs @ 16” o.c. ; s ; : 
trying to achieve acoustical separation 
No insulation: STC — 35 ——————— ee between adjacent dwelling units. Tables 
With insulation: STC — 38 a, Oe 
such as these are based on scientific 


testing commissioned by manufacturers of 
One layer of 5/3” Type x gypsum i the materials in the assemblies. 


board on each side of 2 x 4 wood 
studs @ 16” o.c., with resilient 
channel on one side. 


No insulation: STC — 40 
With insulation: STC —47 


Two layers of 5/s” Type X gypsum 


board on each side of 2 x 4 wood 
si . ~ ~ Mo 
No insulation: STC — 43 
With insulation: STC — 45 


One layer of 5/g” Type X gypsum 


board on each side of staggered 2 x 4 
wood studs @ 16” o.c., on 2 X 6 plates. 
No insulation: STC — 46 
With insulation: STC — 47 << <<—_—< «a 


Two 2 x 4 walls spaced 1” apart with 
one layer of 5/g” Type X gypsum board 
on each side of framing. 
No insulation: STC — 56 
With insulation: STC — 59 


Ceiling description and 
estimated STC rating 


FIGURE 22.28 


Flooring over 3/4” plywood subfloor, A wide range of floor/ceiling assemblies 
on top of 2 x 10 wood joists @ 24” o.c. are available to achieve acoustical separa- 
Ceiling finish is 5/g” Type X 


tion between levels. 
gypsum board. 


STC rating: 37 


Flooring over 3/4” plywood subfloor, 
on top of 2 x 10 wood joists @ 24” o.c. 
Ceiling finish is 5/g” Type X gypsum 
board attached to resilient channel. 


STC rating: 45 


1!/2” gypsum concrete over 3/4” 
plywood subfloor, on top of 2 x 10 
wood joists @ 24” o.c. Ceiling finish is 
two layers of 5/s” Type X gypsum 
board attached to resilient channel. 


STC rating: 58 


ACOUSTICAL 
SEPARATION 


Units within a multifamily building 
must be designed for the highest 
practical level of acoustical separa- 
tion. Walls and floors must be de- 
signed to absorb both airborne noise 
(like music and speech) and struc- 
ture-borne (impact) sounds. Stan- 
dard details for floors and walls with 
reduced sound transmission are pub- 
lished, to meet building code require- 
ments for minimum levels of acousti- 
cal control between living units in the 
same building. For airborne sound, 
for example, a standard 2 x 4 wall 
with inch drywall on both sides has 
a Sound Transmission Class (STC) rat- 
ing of 33. At this level, loud speech is 
barely intelligible from the opposite 
side of the wall. By adding extra mass 
in the form of extra layers of drywall 
and adding sound-absorbing insula- 
tion within the wall cavity, an STC rat- 
ing of 43 can be achieved. A further 
reduction may be made by mount- 
ing the gypsum board on resilient 
sheet metal channels that damp the 
transmission of vibration by the wall 
structure. Building codes typically 
specify an STC level of 50 for walls be- 
tween units, a rating that can only be 
achieved by separating the structure 
on the two sides of the wall with stag- 
gered studs or double walls. An STC 
rating of 50 is sufficient to damp even 
sounds such as a loud stereo to a level 
that most tenants will find acceptable 
(Figure 22.27). 

Structure-borne sounds are usu- 
ally transferred through floors by the 
impact of footsteps or children play- 
ing, but can also be caused by such 
activities as chopping vegetables or 
working on projects at counters or 
desks. Similar to walls, sounds through 
floor/ceiling assemblies are typically 
controlled with a combination of 
strategies (Figure 22.28). Cushioning 
the structure with soft materials such 
as carpet is the easiest way to mini- 
mize the transmission of impact noise, 
but the introduction of mass and the 
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FIGURE 22.29 
Workers apply gypsum underlayment that is pumped through a hose and distributed 
with a straightedge tool with tiny legs to keep it a constant distance above the subfloor. 
(© Gyp-Crete Corporation, Hansel, Minnesota) 


decoupling of structural layers—strat- 
egies that work to control airborne 
sound—are also effective. In high- 
quality residences, a thin (1% inch) 
layer of low-density, self-leveling liq- 
uid gypsum is usually added over the 
subfloor before carpet or resilient 
flooring is laid (Figures 22.29 and 
22.30). A layer of cushioning material 
is usually installed below hardwood, 
tile, or other flooring material with a 
hard surface. Batt insulation installed 
in joist cavities is effective and usually 
necessary, and resilient channels can 
be used on the underside of ceiling 
joists to separate the drywall from the 
structure (Figure 22.31). 

A wall with a high STC can be 
made ineffectual by even a small 
penetration like an electric box, a 
lighting fixture, or an air leak under 
the sole plate. Electrical outlets, for 
example, are a frequent path for un- 
wanted sound, so they must be sealed 


carefully. A number of products have 
been introduced to the market to 
deal with this problem. The perim- 
eter of the wall must be made airtight 
with acoustical sealant. 


FIRE PROTECTION 


Considerable time and effort are spent 
in controlling losses due to fire in 
multifamily buildings. Building codes 
contain many measures designed to 
eliminate sources of combustion, con- 
trol the combustibility of the building 
and its contents, contain the fire with- 
in avery limited portion of the build- 
ing, extinguish the fire automatically, 
and facilitate rapid, safe evacuation of 
the building if a fire should occur. 
During the formative stages of a 
multifamily project, before the design 
is established, discussions about fire- 
protection strategies inevitably occur 
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among the fire marshal, the building 
official, the owner, the architect, and 
the engineer. What type(s) of sprin- 
kler system will be employed? Will 
fire-resistant-treated framing lumber 
be used? The outcome of these discus- 


sions will have a significant impact on 
the cost and will set the direction of 
how the building will be detailed. For 


example, the use of fire-resistant-treat- 
ed framing (Type II-B construction) 
can eliminate the need for fire-rated 
assemblies between units. 


Regulating Combustibility 


To reduce the risk of a fire in the first 
place, it is important to understand 


FIGURE 22.30 

A 1-inch self-leveling nonstructural 
gypsum slab has been poured on top of 
a plywood subfloor to help reduce sound 
transfer through the floor. In preparation 
for this, the walls are built with a double 
bottom plate so that 11% inches for 
nailing remains above the gypsum slab. 
The gypsum slab also contributes to 

fire resistance. (Courtesy Rowell/Brokaw 
Architects) 


FIGURE 22.31 

Resilient channel and sound-absorptive 
insulation installed on the ceiling of an 
apartment with another living unit above. 
The resilient channel will help to isolate 
from the structure the gypsum board 
that will be screwed to it. Together, the 
resilient channel and insulation will work 
with a gypsum slab and carpet above to 
minimize sound transfer through the ceil- 
ing/floor assembly. (Courtesy of Rowell/ 
Brokaw Architects) 


the combustibility of interior finish 
materials and to control their use. 
Several catastrophic fires were attrib- 
uted to highly flammable ceiling tiles 
around the middle of the 20th cen- 
tury, so the fire spread characteristics 
of such materials are now regulated 
by code. To control combustibility 
of finish materials, every material is 


tested and assigned a flame-spread 
rating (ASTM E84) in relation to the 
known flame-spread characteristics 
of asbestos board (flame spread 0) 
and dry red oak (flame spread 100). 
Tested materials are assigned to one 
of five classifications, and only those 
in the highest two categories are al- 
lowed for use in large areas of a 
building. 

Class A: flame spread 0-25 

Class B: flame spread 26-75 

Class C: flame spread 76-200 

Class D: flame spread 201-500 


Class E: flame spread 501 and above 


Fire Sprinkler Systems 


Most large multifamily residences are 
equipped with fire sprinkler systems. If 
not mandated by code, designers usu- 
ally specify a sprinkler system because 
its inclusion allows other fire-related 
code requirements to be reduced. For 
example, the required fire separation 
between units can be reduced from 
a 2-hour rating to a less complicated 
and less expensive ]-hour rating. Even 
if the overall first cost of a building 
will be more with a sprinkler system, 
the owner will usually want it because 
insurance rates will be lower and 
property and lives will be safer. 
Sprinkler systems in multifamily 
buildings are generally stand-alone 
systems that do not interact with the 
potable water supply system (Fig- 
ure 14.19). This means that pres- 
surized water stands in the sprinkler 
pipes for long periods of time, and 
a check valve must be installed to 
prevent backflow of sprinkler water 
into the potable source. Piping size 
depends on the size of the system 
and the available water pressure (Fig- 
ure 22.32). To be effective, sprinkler 
heads must be located at all egress 
routes and within units in all signifi- 
cant rooms. Dry standpipes are also 
sometimes employed in multifamily 
buildings. A standpipe system consists 
of large empty pipes incorporated 
into the structure of a building such 
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that, when connected to a pressurized 
water source in the event of a fire, 
they deliver large volumes of water to 
upper floors, eliminating the need to 
route fire hoses through stairways. 


Fire Separation 


The building codes require that mul- 
tifamily buildings be constructed so 
that a fire cannot pass easily from one 
unit to another or between other im- 
portant parts of the building such as 
a parking garage and an exit hallway. 
To accomplish this isolation of parts of 
the building, the codes describe wall 
and floor assemblies that are rated 
in relation to their resistance to the 
passage of a fire from one side to the 
other. Fire-resistance ratings are given 
in hours—a 1I-hour wall, for example, 
will resist fire penetration for 1 hour 
when tested in a standardized furnace, 
while a 3-hour wall will resist for 3 
hours. Fire-resistance ratings of many 


Figure 22.32 

Fire sprinkler con- 
trols in the stairwell 
of a 5-story apartment 
building under con- 
struction. The vertical 
6-in. steel trunk line 
supplies water under 
pressure to all floors 
and also has a branch 
line to the street, 
where a pumper truck 
can connect. The 
small-diameter steel 
pipe at right supplies 
sprinkler heads at the 
parking garage level. 
Sprinkler heads at the 
residential levels are 
connected with plastic 
piping. (Photo by Rob 
Thallon) 


common construction assemblies and 
components can be found in the IRC 
and the IBC and in a variety of cata- 
logs and handbooks issued by building 
material manufacturers and organiza- 
tions concerned with fire protection of 
buildings (Figure 22.33). In each case, 
the ratings are derived from full-scale 
laboratory fire tests carried out in ac- 
cordance with ASTM E119. In general, 
a 1- or 2-hour rating will be required 
between units in a multifamily build- 
ing, depending on what class of sprin- 
klers is included and whether a wall is 
a bearing wall or a partition wall. All 
required exits must be protected with 
2-hour assemblies (Figure 22.34). 


Fire Blocking 


Five blocking in the framing is an inte- 
gral part of the fire-resistance system. 
Blocking between floors and between 
units is essential to stop the flow of 
fire that might find its way through 
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Wall description and 
estimated fire rating 


1 - hour wall 

5/g” Type X gypsum board (both sides) 
2 x 4 wood studs @ 16”o.c. 

3” mineral wool batt 

plaster finish (both sides) 


DOSS 


2 - hour wall 

(2) 8/g” Type X gypsum board (both sides) 
2 x 4 wood studs @ 16”o.c. 

3” mineral wool batt 

plaster finish (both sides) 


framing cavities. Any penetrations 
through the framing for electrical, 
plumbing, and other systems must be 
sealed with specially formulated com- 
pounds in order to satisfy fire sepa- 
ration requirements (Figure 22.35). 
Any ductwork that passes through a 
fire-resistive assembly is required to 
have an approved fire damper that 
will close automatically if hot gases 
from a fire should enter the duct. 
Because of all the requirements, 
fire-resistive assemblies are relatively 
expensive in relation to their gener 
ic counterparts, so the efficiency of 
their design is very important. 


SYSTEMS 


The mechanical, electrical, and 
plumbing systems (MEP systems) for 
large multifamily buildings are essen- 
tially larger versions of single-family 
systems. While the MEP systems with- 
in each unit of a multifamily building 
are virtually the same as those found 
in a single-family detached version, 
the collection of many units in one 
building requires a scale of systems 
that is distinct. Connections to all 
municipally supplied services such as 
potable water, electrical power, natu- 
ral gas, and sewer must all be sized to 


FIGURE 22.33 
Fire-resistance rating chart. 


FIGURE 22.34 

Fire stairs must be protected by walls 
with a 2-hour fire-resistance rating. 

In this example, two layers of %-inch 
drywall with offset joints have been 
applied to the framing before the stairs 
were constructed. (Photo by Dee Etzwiler) 


provide service to the entire building 
(Figures 14.17, 22.36, and 22.37). 
With respect to mechanical sys- 
tems, there is a difference between 
buildings occupied for extended 
periods by owners or by renters and 
those with short-term or group rent- 
als. The former typically employ 
residential-scale HVAC systems for 
each unit, while the latter often have 
large centralized systems. The dif- 
ference is driven by the need to bill 
owners or long-term renters directly 
for their utility use. For example, 
condominiums and apartments have 
residential-scale mechanical, electri- 
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FIGURE 22.36 

Most of the electrical and communication cables for this 49-unit apartment building 
under construction originate from this location. All utilities must be installed and 
bedded in gravel before the slab can be poured. (Photo by Rob Thallon) 


FIGURE 22.35 

All penetrations for utilities that occur 
between units must be sealed with an ap- 
proved compound to achieve a required 
1-hour fire rating. In this case, the fire 
barrier occurs at the ceiling level, and 
the sealed penetrations are in the double 
top plate. (Photo by Rob Thallon) 


cal, and plumbing systems at each 
unit, and each is metered. For the 
convenience of the utility company, 
meters are usually consolidated into 
one area of the building (Figure 
22.38). 

In hotels and dormitories, it is 
usually most efficient to have large 
centralized systems for hot water and 
sometimes for space heating/cool- 
ing. In these systems, the problem is 
distribution. Hot water can be con- 
stantly circulated, making it imme- 
diately available at every tap. Where 
rooms are heated with a centralized 
system, hot water is usually the vehi- 
cle to carry the heat because the pip- 
ing to carry it can go long distances 
while consuming very little space. 

Acoustical issues related to sys- 
tems are much more critical in a 
multifamily building than in a single- 
family residence. It is much more 
annoying to hear your neighbor’s 
plumbing, for example, than that of 
your own family. Plumbing supply 
pipes can be isolated from framing, 
they can be insulated, and quiet valves 
can be specified. Plumbing drains, 
when they are adjacent to another 
unit, are usually made with cast iron 
piping, which, because of its density 
and its soft rubber joints, is much qui- 
eter than plastic (Figure 22.39). Heat- 
ing systems can also be noisy, so care 
must be taken with their specification 
and installation. Electrical outlets on 
walls between units must be carefully 
sealed to minimize the passage of air- 
borne sounds. 
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FIGURE 22.37 

Plumbing waste lines from residential units above are seen 
passing through a ground-level commercial space under 
construction. Note that the plumbing is made of cast iron and 
the framing is light-gauge steel, both required in commercial 
construction. (Courtesy of Rowell/Brokaw Architects) 


FIGURE 22.38 

Located in an alley where most utilities originate, this collection 
of plumbing, electrical, communication, natural gas, and fire 
sprinkler systems will have easy access for meter reading and 
service. (Photo by Dee Eizwiler) 


ACCESSIBILITY 


According to the Americans with 
Disabilities Act (ADA) Guideline 
4.1.3(5), buildings that are three 
or more stories tall are generally re- 
quired to have an elevator. Multifam- 
ily residential buildings up to five sto- 
ries tall are typically equipped with a 
hydraulic elevator—the least expensive 
of the options (Figure 22.40). A stan- 
dard hydraulic elevator operates by 
means of a vertical cylinder sunk into 
the ground to a depth that is as great 
as the vertical travel of the elevator. 
A plunger in the cylinder pushes the 
elevator car up when hydraulic fluid 
is pumped into the cylinder. The el- 
evator descends by gravity, forcing 
the hydraulic fluid out of the cylinder 
into a tank. A telescoping plunger 
can reduce the depth of the cylinder. 
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FIGURE 22.39 

Cast iron waste piping is much quieter than plastic piping, so 
it is often employed between units of multifamily housing. 
Notice that the pipe transitions to less expensive plastic 
piping when it is positioned away from the party wall. 
(Courtesy of Rainbow Valley Design and Construction) 


Plunger 


Fluid Tank 


Controller 


Two Car Buffers 


FIGURE 22.40 
Diagram of a typical plunger-type hydraulic 
elevator installation. The pump, motor, and oil 


tank are located in a small machine room, sepa- 
rate from the carriageway. (Courtesy of Schindler 
Elevator Corp.) 
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The construction of a hydraulic 
elevator spans more of the construc- 
tion schedule than almost any other 
element because typically the hole 
must be drilled in the ground and the 
cylinder and piston installed before 
the foundation is poured. The elec- 
tronics, doors at each floor, and fin- 
ish of the car are not completed until 
near the end of the project. Between 
these times, the elevator carriageway 
is built and fire-protected by subcon- 
tractors working on the foundation, 
framing, and drywall. It is common 
to construct the carriageway of con- 
crete or concrete masonry at its base 
and of wood at the upper residential 
floors. In any case, it must be fire 
rated to a 2-hour standard. When the 
carriageway is complete, the elevator 
subcontractor installs the guide rails, 
assembles the car, connects the pump 
and controllers, and puts the doors in 
place at each floor. 

Hydraulic elevators currently 
dominate the low- and midrise mar- 
kets because they are less expensive 
than other types, they are compact, 
and their structural requirements 
are minimal. They do have some 
drawbacks, however. They require a 
separate machine room for the pump 
unit, tank, and control system, and 
they are noisy and slow compared 
to other elevator types. A relatively 
recent alternative to the hydraulic el- 
evator is the machine room—less (MRL) 
elevator, which is more energy effi- 
cient and does not require a space- 
consuming machine room or a deep 
cylinder well. 

Multifamily buildings with units 
on two or more floors are required 
to have two means of egress (escape) 
in case of fire or other disaster. This 
requirement usually results in two 
separate fire stairs that are enclosed 
with 2-hour-rated walls and fire doors 
(Figure 22.34). Because the stairs 
have solid vertical walls and must gen- 
erally be located at opposite ends of 
the building, they are often designed 
so that their walls contribute to the 
lateral stability of the building. At 
parking or commercial floor levels, 


FIGURE 22.41 
The coordination of materials, workers, and machinery on a constrained urban site 


requires careful planning. The construction schedule is especially important for com- 
mercial multifamily project such as this where owner income is tied to a completion 


date. (Photo by Rob Thallon) 


fire stair shafts are usually construct- 
ed of reinforced concrete, making a 
strong shear wall in each direction of 
the building and serving to brace the 
open story. 


SITE MANAGEMENT 


High-density housing is often built 
in an urban environment where the 
building itself will occupy virtually 
the entire site. This condition makes 
it very difficult to manage all the 
equipment, materials, and workers 
necessary to complete construction 
(Figure 22.41). To make the project 
feasible, the general contractor may 
have to extend the site by securing a 
public right-of-way permit to occupy 
the sidewalk and/or street or by rent- 
ing space from neighboring private 
properties. Deliveries of materials 
to the site must be carefully orches- 
trated, and material suppliers may be 


required to incorporate “just-in-time” 
delivery into their bids. The selection 
of the construction system itself may 
well be affected by site constraints. 
For example, the steel frame system 
shown in Figures 22.13 and 22.14 was 
chosen instead of a posttensioned 
slab for a very constrained site be- 
cause the contractors could use the 
space in the parking garage as soon 
as the framing was erected—whereas 
they otherwise would have had to wait 
weeks while the space was cluttered 
with a forest of structural slab shoring 
(Figure 22.22). 

A small site also can make stan- 
dard tasks take longer because there 
is no room to accomplish them ef- 
ficiently. Setting up a crane, for ex- 
ample, can take much more time in 
tight quarters because each section of 
the boom arm must be individually 
hoisted into position and bolted to 
the crane in the air rather than being 
preassembled on the ground. 


The height of multifamily build- 
ings usually requires that scaffolding 
or cherry pickers be employed to fin- 
ish the exterior walls (Figure 22.42). 
The scaffolding is affected by the sid- 
ing and exterior details and is a signifi- 
cant cost factor in designing the ex- 
terior of the building. If the building 
can be detailed so that the exterior fin- 
ishes are installed on the wall frames 
before they are tilted up, this cost can 
be largely avoided (Figure 22.43). 

In urban settings, the delivery 
of materials must often be coordi- 
nated with other commerce in the 
area. The concrete deliveries for 
the project shown in Figure 22.41 
were synchronized with the deliver- 
ies of produce and other groceries 


Chapter 22 * Multifamily Construction / 541 


to the adjacent food market so as to 
avoid excessive truck traffic in the 
area at any one time. Thoughtful 
contractors will keep their neigh- 
bors informed of progress by dis- 
tributing a weekly construction up- 
date and may even adjust their work 
schedule to minimize or eliminate 
construction noise during certain 
hours. 


GREEN ISSUES FOR 
MULTIFAMILY HOUSING 


Inherently, multifamily housing has 
great potential to be the most green 
of all housing types. The simple fact 
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that units are stacked and therefore 
consume less site area and fewer 
building materials is significant. 
Heating and cooling a unit sur- 
rounded on several sides by other 
units requires less energy than the 
same size unit standing alone. Mul- 
tifamily units are typically smaller 
than single-family units, and they 
are usually in an urban environ- 
ment where walking and public 
transport are reasonable options 
(Figure 22.45). (It is said that resi- 
dents of New York City consume the 
fewest resources per capita of any 
place on the continent.) 

The size of the entire multifam- 
ily building often allows green strate- 
gies to occur because of an economy 


FIGURE 22.42 

Fixed scaffolding was used on this apartment 
building because workers had to spend hours 
applying a stucco surface to the walls. Sophisticated, 
adjustable scaffolding for buildings of this scale is 
available in a variety of forms. (Courtesy of Rowell/ 
Brokaw Architects) 
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FIGURE 22.43 

A three-story student apartment complex 
built over a below-grade parking garage. 
The top floor walls were framed com- 
plete with windows and painted siding to 
save on the cost of scaffolding. (Photo by 
Rob Thallon) 


FIGURE 22.44 

Workers here are installing prefabricated 
wall panels at an upper level of a multi- 
family housing project. Off-site prefabri- 
cation is a common strategy to speed the 
construction process and minimize the 
problems of storing materials and laying 
out framing on a small site. (Courtesy of 
Rowell/Brokaw Architects) 


of scale. Rainwater catchment, ad- 
vanced storm water treatment, and 
gray and even black water treatment 
become economically feasible when 
the costs can be spread across a num- 
ber of units. Passive cooling with large 
courtyards becomes more practical. 
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The possibility of photovoltaic energy 
generation at a large scale becomes 
promising. 

Most of the materials and systems 
used in the construction of multifam- 
ily housing are commonly employed 
in the single family residence and thus 


can be found in the MasterFormat refe- 
ences in chapters 4 — 21. Materials and 
methods that are unusual in single fam- 
ily construction but common in multi- 
family construction are listed below. 


FIGURE 22.45 

Three townhouses that achieved a 
Leadership in Energy and Environmental 
Design (LEED) silver rating while 
serving as a 2006 City of Eugene Green 
Building Demonstration Project. These 
houses also qualify as Energy Star and 
Earth Advantage. Among other green 
features, the urban infill project boasts 
high insulation levels, passive solar 

heat, passive ventilation, high-efficiency 
heating, solar-assisted water heater, 

drain water heat recovery, native and/or 
drought-tolerant landscaping, and natural 
storm water treatment. (Courtesy Rainbow 
Valley Design and Construction) 


FIGURE 22.46 

This green, mixed-use development 

with two commercial spaces and five 
apartments was completed in 2009. All 
exterior walls were constructed with 
autoclaved aerated concrete (AAC) 
masonry, and all wood used for windows, 
cabinets, and paneling came from a 
reclaimed source. Ground-source heat is 
delivered to rooms via hydronic concrete 
floors, and photovoltaic panels on the 
roof supply some of the electrical needs. 
A stainless steel roof captures rainwater 
that is used for clothes washing, 
irrigating, and flushing toilets. (Photo by 
Dee Etzwiler) 
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C.S.1./C.S.C. 
MasterFormat Section Numbers for Finishing the Interior 


03 23 00 
03 38 00 
05 12 00 
05 30 00 
07 80 00 
07 82 00 
07 84 00 
07 86 00 
09 80 00 
14 24 00 
14 28 00 
211000 
211200 
2113 00 


Key TERMs AND CONCEPTS 


townhouse 

tenement 

row house 

flat 

area restrictions 
condominium 

walk-up 

fire-rated deck 
structural steel framing 
corrugated steel decking 


REVIEW QUESTIONS 


1. Why are multifamily dwellings subject 
to the International Building Code rather 
than the International Residential Code? 


2. What are some special issues that relate 
to multifamily housing as distinct from 
single-family houses? 

3.Where multifamily housing is con- 
structed above a tenant parking area, how 
must the two uses be separated? 


Stressing Tendons 
Post-Tensioned Concrete 
Structural Steel Framing 
Metal Decking 

Fire and Smoke Protection 
Board Fireproofing 
Firestopping 

Smoke Seals 

Acoustic Treatment 
Hydraulic Elevators 


Elevator Equipment and Controls 


Water-Based Fire-Suppression Systems 


Fire-Suppression Standpipes 


Fire-Suppression Sprinkler Systems 


concrete slab 

hollow core precast concrete plank 
topping 

fireproofing 

site-cast concrete deck 

posttensioned two-way concrete flat plate 
Sound Transmission Class (STC) 

impact noise transmission 

flame-spread rating 

fire separation 


4, What are the advantages and disadvan- 
tages of two-way posttensioned concrete 
flat plates? 

5. Summarize the ways in which acoustical 
privacy between units is provided in mul- 
tifamily housing. 

6. Why is cast iron waste pipe often used 
in multifamily housing rather than the 
less expensive plastic pipe? 


fire-resistance rating 

fire blocking 

MEP systems 

accessibility 

hydraulic elevator 

plunger 

carriageway 

machine room-less (MRL) elevator 


7. Discuss the egress provisions for a mul- 
tistory apartment building. 

8. Why do individual apartments gener- 
ally consume less energy for heating and 
cooling than single-family houses? 


EXERCISES 


1. Find a low-rise apartment building and 
sketch how its designer has solved prob- 
lems of emergency egress, automobile 
parking, tenant trash, utility meters, el- 
evator, and tenant storage. 

2. Make analytical sketches of the same 
building to show how it resists wind and 
earthquake forces. 
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3. Draw a complete set of typical exterior 
wall details from foundation to roof for a 
wood light frame apartment building that 
has four occupied floors over tenant park- 
ing. Select finish materials that you think 
will look good. 


4. Sketch some ideas for providing apart- 
ment dwellers with improved access 


to the outdoors for outdoor dining, 
children’s play, nature walks, and other 
recreation. 
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EARTHEN 
CONSTRUCTION 


Between one-third and one-half 
of the world’s population lives in 
houses made of earth—mostly ado- 
be or rammed earth (Figure 23.1). 
Earth is used as a building mate- 
rial primarily because of its low 
cost and its availability. In the cur- 
rent climate of declining resources 
and increased pollution, earth-based 
construction offers the additional 
advantage of low environmental im- 
pact because the material can come 
directly from the building site, with 
little or no energy aside from hu- 
man labor involved in its produc- 
tion. An adobe brick, for example, 
can be made with | percent of the 
energy required to manufacture a 
concrete block or a fired clay brick 
of the same volume. 

After an earth building has 
been completed, the solid earth 
walls afford thermal mass and low 
sound transmission, contain no 
toxic substances, and are not sus- 
ceptible to attack by insects or 


microorganisms. The construction 
process, although long and labor 
intensive, creates virtually no con- 
struction waste. 

Earthen construction, like ma- 
sonry, can be used to make vaulted 
roofs, but this is generally not done 
in the United States because of the 
limited distance that can be spanned 
with mud vaults, the expensive en- 
gineering that is required to satisfy 
building officials, and the need to 
make the walls thicker in order to 
resist the thrust of the vault. Modern 
earthen construction in the United 
States is therefore typically limited to 
the construction of walls. 

There are four basic types of 
earthen wall construction: 


1. Adobe—air-dried mud bricks are 
laid up with mud mortar in the same 
fashion as concrete blocks. 


2. Rammed earth—a moistened soil 
mixture is compacted into a form 
that is reused repeatedly to make a 
monolithic wall. 

3. Cob—a mud mixture of clay, sand, 


and straw is piled onto a wall and 
formed by hand. 


A number of construction systems employ naturally occurring materials that are subjected to a mini- 
mum of processing and can be assembled with simple tools and unskilled labor. Often referred to as 
“primitive,” most of these systems have been used for centuries on a global scale. 

The systems include the following: 


1. Earthen construction—including adobe bricks and rammed earth. Soil, which is usually excavated from 
the very site upon which the building is constructed, is the principal ingredient in these systems. 


2. Stacked log construction—also known as “log cabin construction” or just “log construction.” Tree 
trunks are processed only minimally before being incorporated into the walls of the building. 


5. Straw bale construction—a relatively new system that originated in Nebraska in the 1890s and has 
been revived recently in response to an interest in green building. Straw bales, essentially a farm 
waste product, are stacked as running bond masonry to form insulated walls. 


Because the materials are inexpensive and a structure can be erected using unskilled labor, all of 
these systems have been embraced by owner/builders. A number of the systems have also become pop- 
ular with the general public, and professional designers and contractors are involved in their produc- 
tion. Professionally designed and built systems will be emphasized in this chapter. 


4. Contained earth—plastic or textile 
sacks filled with soil (and sometimes 
sand) are stacked to form walls. 


Adobe and rammed earth are 
the systems most commonly used in 
North America. 


Adobe 


The oldest known adobe structure was 
built in Israel over 10,000 years ago. In 
the American Southwest, Pueblo tribes 
built apartments of adobe as early as 
AD 1250. When the Spanish arrived in 
the area, they assimilated the Pueblo 
building techniques for the construc- 
tion of their own buildings. Later gen- 
erations of Americans have continued 
the adobe tradition, mostly in the 
Southwest but also in other parts of 
the country (Figure 23.2). Currently, 
there are about 50 professional adobe 
builders concentrated in the states of 
New Mexico and Arizona, where ado- 
be bricks are commercially produced 
and building codes do not discour- 
age adobe construction. Most of these 
builders construct large, expensive, 
custom residences. 
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FIGURE 23.1 

Earthen houses such as these are 
common throughout the world. 
(Photo by Amy Houghton) 


FIGURE 23.2 

Adobe mud plaster being applied 
to a traditional adobe residence in 
New Mexico. (Courtesy of Southwest 
Solar Adobe School, © 2001 SWSA) 
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Adobe is an air-dried brick made 
of mud that is composed of inorganic 
soil and sand (Figure 23.3). It is im- 
portant that the soil have approxi- 
mately 8 to 15 percent clay content. 
Straw can be added for strength and 
to prevent cracking. Modern adobe is 
also often modified with emulsified 
asphalt that minimizes moisture pen- 
etration. 

Adobe bricks in the United States 
generally range from 10 to 12 inch- 
es (254 to 305 mm) wide and weigh 
from 32 to 48 pounds (15 to 22 kg). 
(Bricks of smaller sizes are made for 
domes and vaults.) Walls are laid up 
with a single wythe of adobe bricks, 
making them 10 to 12 inches thick. 


FIGURE 23.3 


An adobe field in New Mexico. The adobe bricks in the 
background have been turned on edge to promote drying from 
both sides. (Courtesy of Southwest Solar Adobe School, © 2001 SWSA) 


Modern adobe walls are produced 
much more efficiently than the his- 
toric Pueblo or Spanish walls, which 
were made with a double wythe and 
were 24 or more inches thick. 


Modern Adobe Construction 

Modern adobe structures are built 
on a concrete footing with a concrete 
stem wall that extends above grade 
(Figures 23.4 and 23.5). To control 
moisture migration into the adobe 
from the ground, the first courses are 
often constructed with asphalt-modified 
adobe. At the top of the wall, a rein- 
forced concrete or laminated wood 
bond beam ties the adobe bricks to- 
gether and provides anchoring for the 


FIGURE 23.4 
Anew adobe wall before insulation and stucco have been 


roof structure (Figure 23.5). Open- 
ings for windows and doors are typi- 
cally spanned with wooden lintels that 
are as deep as the wall (Figure 23.6). 
Once in place, adobe walls are 
typically insulated on the outside with 
extruded polystyrene (XPS) boards 
before being covered with wire and 
cement plaster or mud plaster (Fig- 
ures 23.2 and 23.7). Electrical wir- 
ing and plumbing can be installed in 
grooves cut into the walls before the 
insulation and plaster are installed. 


Adobe Construction and the 
Building Codes 

The model codes require adobe walls 
to be provided with both horizontal 


applied. Ten-inch concrete masonry unit (CMU) blocks at 
the base of the wall elevate the adobe bricks above potential 
sources of water. Traditional canales to drain the roof project 
through a wooden parapet wall. (Photo by Betsy Kramer) 


FIGURE 23.5 
Typical adobe construc- 
tion. Walls are typically 

10 or 14 inches (250 or 

350 mm) thick. The roof 
structure can be made of 
joists with wooden parapet 
walls, as shown here, or 

in the traditional way with 
adobe parapet walls and a 
beam or viga roof structure 


windows 


embedded into the adobe foundation extends 
walls. above floor level to 
protect adobe wall 
from moisture 
and vertical steel reinforcement 


in zones with seismic risk. Because 
adobe bricks do not have a void for 
the insertion of vertical reinforc- 
ing, it is difficult to comply with 
the vertical reinforcement require- 
ment of the model codes. There- 
fore, adobe construction has all 


i) 


Wooden bucks provide 
anchoring for doors and 


CMU or concrete 
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but disappeared in most regions— 
including California, which has a 
rich tradition of adobe construction 
and a large stock of historic adobe 
houses and missions. 

However, the state of New 
Mexico, where adobe construction 
is traditional, has written its own 


Rigid insulation and 
stucco are typically 
applied to the extenor 
of adobe walls 


Traditional canales 
provide roof drainage 


Low-sloped wooden roof 
structure with wooden 
parapet walls 


Wood or concrete bond 
beam ties the tops of 
walls and provides 
anchoning for the roof 
structure 


Wood lintels span 
window and door 
openings 


adobe code. The New Mexico code 
recognizes the inherent structural 
properties of adobe and does not re- 
quire vertical reinforcing, so adobe 
construction can flourish there as 
well as in parts of some neighboring 
states where the New Mexico code 
has been adopted. 
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FIGURE 23.6 FIGURE 23.7 
A wooden lintel over a doorway in an adobe wall. A wooden buck Rigid insulation and stucco have been applied to the new 
at the side of the doorway provides attachment for the door frame. adobe wall pictured in Figure 23.4. (Photo by Betsy Kramer) 


(Courtesy of Southwest Solar Adobe School, © 2001 SWSA) 


FIGURE 23.8 

The southern wall of a new 
passive solar adobe house in 
Colorado. Generous glazing 
is combined with adequate 
roof overhangs to capitalize 
on the effectiveness of adobe 
as thermal mass. (Courtesy of 
Southwest Solar Adobe School, 

© 2001 SWSA) 


Rammed Earth 


Rammed-earth construction consists of 
packing slightly moistened soil be- 
tween rigid forms. The forms are 
relatively small and lightweight and 
are removed immediately upon 
completion of the compaction to 
form another section of the wall (Fig- 
ures 23.9 and 23.10). 

This type of construction was used 
and described by the Romans as early 
as the first century AD. Rammed earth 
was rediscovered in the mid-19th cen- 
tury by European and North American 
builders who were attracted by its sim- 
plicity, its low cost, and the availabil- 
ity of the materials. Numerous houses 
were built of rammed earth until the 


FIGURE 23.9 
Traditional rammed-earth formwork made entirely of sawn 

boards. The boards passing through the wall at the base of the 
form must be left in place because they are embedded tightly 


in the compacted earth mixture. They are later sawn off flush 
with the wall surface and covered with stucco or plaster. 
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building boom after World War II 
raised wages and placed an emphasis 
on construction speed, and the use of 
rammed earth all but ceased. Interest 
resumed, however, when the energy cri- 
sis of the 1970s prompted a search for 
more economical, ecologically sound 
ways to build. Because the method 
is so labor intensive, rammed-earth 
construction has tended to be limited 
to owner/builders and to professional 
builders who use tractors and air-driven 
compactors to reduce labor costs. 

The ideal soil for rammed-earth 
walls is composed of 30 percent clay 
and 70 percent sand and small gravel. 
Up to 5 percent by volume of port- 
land cement is sometimes added as a 
stabilizer. The moisture content of the 


FIGURE 23.10 
Rammed-earth forms being assembled. Bar clamps pass through 


mixture as it is placed into the forms is 
important because insufficient mois- 
ture leads to a crumbly wall in which 
the soil particles are not consolidated, 
and too much moisture causes the 
mix to stick to the forms and leads to 
shrinking and cracking of the finished 
wall. A quality mix that is compacted 
properly develops approximately half 
the strength of typical concrete. 


The Rammed-Earth 

Construction Process 

A rammed-earth wall should be con- 
structed on a concrete foundation 
with a footing sufficiently wide to sup- 
port its weight. A foundation stem wall 
as thick as the rammed-earth wall (typi- 
cally 12 to 24 inches, or 300 to 600 mm) 


plywood side forms and hold wooden stiffeners in place. The 


end forms are constrained by the bars. (Photo © Cynthia Wright, 


Rammed Earth Works) 
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extends well above finish grade to en- 
sure that excessive moisture does not 
enter the base of the earthen wall after 
itis built (Figure 23.11). 

To begin construction of the 
rammed-earth wall, forms are set on 
the top of the concrete foundation, 
vertical reinforcing steel is put in place, 
and the soil mixture is dumped into 
the forms to a depth of about 6 inches 
(150 mm). It is then compacted with 


FIGURE 23.11 


wooden tampers or pneumatic com- 
pactors (Figure 23.12). Compaction re- 
duces the earth mixture to about half 
of its original volume and brings the 
soil particles into such intimate con- 
tact with one another that they bond 
together to produce a strong, coherent 
wall. When the form has been filled, it 
can be removed immediately and relo- 
cated to the next position, where the 
process is repeated (Figure 23.13). 


Typical rammed-earth construction. Rammed- 


earth walls can be easily reinforced like concrete 


as required by seismic conditions. 


Horizontal reinforcing steel is 
placed on top of compacted lifts at 
appropriate levels. This procedure 
is continued to the top of the wall 
where, in zones with seismic activ- 
ity, roof anchoring is provided by a 
wood or reinforced concrete bond 
beam. In other zones, the roof may 
be connected to a simple wooden 
plate anchored to the top of the wall 
by anchor bolts embedded into the 


/—— Preservative-treated wooden 
plate provides roof 
anchorage 


Rammed-earth wall with 
reinforcing steel as required 
by code 


Preservative-treated bucks 
for door and window 
attachment 


Concrete foundation Is full 
width of rammed-earth wall 
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FIGURE 23.13 

Forms being removed from a newly constructed rammed-earth wall. 


The dark top layer of the wall is a bond beam containing cement 
and reinforcing steel. (Photo © Cynthia Wright, Rammed Earth Works) 


FIGURE 23.12 i 
A pneumatic tamper compacts the earth in the forms. A : : F 

worker in the background is using a shovel to spread earth . — ' ; 
that has been stored on a shelf at the top of the formwork. sane " 


(Photo © Cynthia Wright, Rammed Earth Works) = 


compacted earth. Openings in the 
walls are made by blocking out the 
space with forms that are placed be- 
tween the wall forms and removed 
after the wall forms come down. 


Rammed Earth and 

the Building Codes 

Numerous engineering tests have 
been conducted in recent years on 
rammed-earth walls made with a va- 
riety of soils and a range of mix de- 
signs and reinforcing steel. These 
tests generally offer sufficient data 
for an engineer to design a rammed- 
earth structure for any region. The 
walls are designed using the same 
procedures used for concrete design. 
These are based on an assumed com- 
pressive strength of 800 to 1200 psi FIGURE 23.14 

as opposed to the minimum 2000 psi Completed rammed-earth walls. (Photo © Cynthia Wright, Rammed 
used for concrete. Earth Works) 
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STACKED LOG 
CONSTRUCTION 


Stacked log structures have their 
origin in the centuries-old cultures 
of Russia, from where the technique 
spread to Scandinavia and northern 
Europe. North American immigrants 
from these regions found abundant 
forests on the frontier that needed 
to be cleared for agriculture, and 
the downed logs were employed to 
make simple houses. Early log houses 
in North America were hastily built 
and not as sophisticated as their Eu- 
ropean predecessors, and few sur- 
vive (Figure 23.15). The allure of the 
log house, however, has prompted 
people to carry on the tradition long 
after log construction was the only prac- 
tical way to provide housing. Indeed, 
many log dwellings have been built 
in recent years in locations that were 
never forested. 

The production of log houses for 
their sentimental association with pio- 
neer life persisted quietly and mostly 
unnoticed until the practice enjoyed 
something of a renaissance for the 
construction of resorts and park struc- 
tures in the 1920s and 1930s. During 
this period, many notable lodges 
and houses were built in the Adiron- 
dack Mountains, the western United 
States, and Canada. A renewed inter- 
est in log building started in the 1970s 
and has led to a multi-million-dollar 
industry supported by hundreds of 
companies that build exclusively with 
logs (Figure 23.16). Most profession- 
ally designed and built log houses are 
located in mountain resort and rural 
areas. Approximately 1000 to 2000 of 
these structures are built by profes- 
sionals each year in North America, 
and untold numbers are constructed 
by owner/builders. 

Log houses tend to be made of 
coniferous tree species because their 
trunks are available in long, straight 
sections with minimal taper (Figure 
23.18). Preferred species are white, 
yellow, and lodgepole pine; western 
red cedar; and Douglas fir. Logs are 


FIGURE 23.15 
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A historic early-19th-century log cabin from Missouri. The form is simple, and the fit 


between logs is relatively crude. (Photo: Library of Congress, Prints and Photographs Division, 
EMistoric American Buildings Survey, Reproduction Number HABS, MO, 92-FEMO.V, 1-1) 


typically peeled to remove the bark for 
aesthetic and practical reasons, as bark 
left on can harbor insects. In the case 
of logs harvested green, log suppli- 
ers often fell the trees at a time in the 
growing season when the bark virtually 
falls off the logs. Standing-dead timber, 
killed by high elevation, fire, or insects, 
is a primary source of logs because it is 
dry. It no longer has bark remaining, 
but is peeled to renew the surface. 
Nine out of ten log houses are 
now preconstructed in a commercial 
log yard before being disassembled 
and shipped to a site for reerection 
(Figure 23.19). The advantages of 
preconstruction are many. Difficult 
joinery can be accomplished under 
controlled conditions, and on-site 
construction time can be reduced 
considerably. For example, a_typi- 
cal 3000-square-foot (280-m?), full- 


scribed, handcrafted log house will 
take approximately 12 weeks to con- 
struct in the yard but can be reassem- 
bled at the site in 3 to 5 days. 

The basic strategy for construct- 
ing a log house is to stack logs one on 
top of the other and notch them to 
interlock at corners (Figure 23.20). 
Logs in perpendicular walls are off- 
set in height by one-half log diameter 
in order to allow the corner joints to 
lap. Thus, at the base of a simple four- 
walled house, two of the walls start 
with the top halves of logs that have 
been ripped lengthwise. The logs 
are left exposed both inside and out- 
side the house in order to gain their 
full aesthetic benefit on both sides of 
the wall. This basic system is the same 
as that used in Lincoln Logs, which 
were invented (ironically) by Frank 
Lloyd Wright’s son, John, in 1916. 
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FIGURE 23.16 
A multi-million-dollar log construction industry involves professional designers and builders in the construction of 1000 to 
2000 new log houses each year. (Architect: The Jarvis Group, Ketchum, Idaho, Photo by Fred Lindholm) 


FIGURE 23.17 

The loft of this log residence 
has milled columns and a 
framed wall that contrast 

with the log walls and roof 
structure. (Architect: The Jarvis 
Group, Ketchum, Idaho; Photo by 
Cindy Theide and Jonathan Stoke: 
Inside Log Homes) 
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5 fet . FIGURE 23.20 
erie + 4 : : Starting with a half log at the base of parallel walls, logs are 
stacked on one another to make a wall. Walls perpendicular to 
the half-log walls are made with a full log at the base. Notches 
at the corners lock each log in place and allow it to rest on the 


FIGURE 23.18 
The trunks of coniferous trees, long and straight, with 
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(Photo by Sandy Burke) 
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FIGURE 23.19 
Most new log houses are preconstructed in an industrial yard before being disassembled and shipped to the construction site. 
(Photo by Sandy Burke) 


Because of the desire to expose 
them as primary structure, logs 
are often used for roof structure 
as well as for walls. A framework of 
log beams, trusses, purlins, or log 
rafters typically supports exposed 
decking or a conventionally framed 
roof structure (Figure 23.21). 
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FIGURE 23.21 
Log purlins form the principal roof structure of this log house. Following customary 
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Chinked Style versus 
Full-Scribed Style 


There are two principal ways to seal 
between logs: the chinked style and the 
full-scribed style. The chinked style is 
the simpler of the two because it al- 
lows the logs to be stacked on one 
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practice, openings for windows have not yet been cut into the wall. (Photo by Sandy 


Burke) 


another without any advance treat- 
ment to make them fit precisely (Fig- 
ure 23.22). 

The space between the logs is lat- 
er filled with one of many varieties of 
chinking material. Early North Amer- 
ican chinking consisted of mosses, 
mortar, or other convenient mate- 
rial. Most log walls are now chinked 
with a flexible synthetic material ap- 
plied over a split, closed-cell foam 
backer rod. One benefit of chinking 
is that electrical wires can be hidden 
in the chinking. Synthetic chinking 
has a long performance life because 
it adheres tightly and flexes with 
the movement of the logs caused by 
changes in climatic conditions. 

Scribing a log wall involves cutting 
away the underside of each log so that 
it is contoured to match the irregular- 
ities of the log below (Figure 23.23). 
The process of scribing requires that 
each log be put in place in order to 
mark (scribe) it according to the 
shape of the log below, and then re- 
moved from the wall to cut the wood 
away to the scribed line. This process 
slows the construction considerably, 
but leads to a clean fit without major 
gaps between the logs. Scribed joints 
are typically sealed against air infil- 
tration with expanding foam that is 
injected between the logs from the 
end after the logs are in place. Scrib- 
ing originated in Scandinavia and is 
now more popular in Canada than in 
the United States. It produces a supe- 
rior result but can add 35 percent to 
the cost of the log package for a new 
house. 


The Unique Characteristics 
of Log Construction 


Because their walls consist entirely 
of horizontally stacked wood, log 
houses can exhibit significant  set- 
tling. Even dry logs (moisture content 
15 percent or less) can settle % inch 
per foot of wall height (10 mm/m) 
over the course of the first one or 
two heating seasons after construc- 
tion. A green log structure can settle 
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FIGURE 23.22 

Detail at a corner of logs that will 
be chinked. Synthetic chinking 
applied from both sides of the 
wall will seal the gaps between 
logs. The “shrink-to-fit” joint is 
derived from the traditional sad- 
dle joint. (Photo by Sandy Burke) 


FIGURE 23.23 

Detail of scribed logs at the 
corner. A concealed compressible 
gasket between logs retards air 
infiltration. (Photo by Sandy Burke) 


up to eight times as much. Thus, 
the walls of a typical single-story log 
house will shorten vertically from 1 to 
8 inches after it has been inhabited. 
This characteristic calls for special 
detailing to prevent the stressing of 
building elements that do not settle, 


such as windows, doors, columns, and 
framed walls. 

Experienced log builders have 
a number of strategies to deal with 
the problems of settling and shrink- 
age. Loadbearing columns are fitted 
with screw jacks in the floor and are 


lowered as the logs settle. Windows 
and doors are not installed in their 


rough openings until the very end 
of the construction process, when 
much of the settling can be expected 
to have occurred. Even then, space 
is left above installed windows and 


SECTION 


FIGURE 23.24 

Many people wanting the look of log con- 
struction at lower cost are turning to log 
siding. Log slabs are applied as siding to 
both the inside and the outside of 2 x 6 
framed walls. Corners are made with 

full log ends. 
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doors, and trim fitting and installa- 
tion is delayed until most of the dry- 
ing of the logs has taken place. 

The exterior side of any wooden 
structure is exposed to the weather 
and to destructive insects such as 
termites, carpenter ants, and pow- 
der post beetles. This is especially 
true for log structures. At the log 
ends, the soft end grain is exposed 
and wood fibers are oriented such 
that they tend to wick moisture into 
the log. This problem can be mini- 
mized by providing generous roof 
overhangs and by smooth sanding 
and sealing these ends. As with other 
wood buildings, care must be taken 
to keep the wood clear of the ground 
and insect-inhabited material. Insec- 
ticides, mildewcides, and fungicides 
usually can be applied to the logs at 
the factory as an option. 

Stacked log structures use more 
wood fiber per area of wall than 
any other method of construction. 
While it may be argued that very 
little energy is consumed in the 
production of the logs, it is also 
true that the material is used very 
inefficiently, especially in green 
log construction. Standing-dead 
timber, because it has checked in 
the drying process, is not suitable 
as saw logs and therefore does not 
represent such a waste of resource. 
The quadrupling of log prices in re- 
cent years, both green and dry, has 
led to reduced interest in log con- 
struction except at the high end of 
the market. As a result, hybrid log 
structures that use only a fraction 
of the wood are becoming popular 
(Figure 23.24). 


The Thermal Performance 
of Log Construction 


Much is said by those who promote 
log construction about the ease of 
heating and cooling a log house. 
Scientific studies do demonstrate 
the superior capacity of logs to act 
as thermal mass. But the R-values of 
log walls do not meet code-mandated 


standards, and the literally thousands 
of feet of joints between logs that 
must be sealed are the Achilles heel 
of log house construction. Even when 
great care and skill are used to seal 
these joints against air infiltration, 
the constant movement of the logs 
due to changes in moisture content 
can lead to deterioration and failure 
of the seal. Finding the sources of in- 
filtration is difficult because of the ex- 
tensiveness and hidden nature of the 
joints. The introduction of flexible 
chinking systems has mitigated this 
disadvantage. 


Log Houses and 
the Building Codes 


Although building codes do not spe- 
cifically address the structural values 
of stacked logs, log houses have a his- 
tory of acceptance in the culture and 
tend to be constructed in compact 
geographical areas where building 
officials are accustomed to them. In 
cases where obstreperous local offi- 
cials need to be convinced that a log 
residence can satisfy the structural 
code, an engineer can easily perform 
this task. 

More troublesome than struc- 
tural concerns is the inability of a 
log house to meet the energy con- 
servation provisions of the code in 
the normal manner. Because the 
commonly required R-19 wall in- 
sulation rating cannot be obtained 
in a typical log wall, calculations 
must be submitted to the building 
department demonstrating that in- 
sulative values have been boosted 
in other parts of the building to 
achieve a Satisfactory overall rat- 
ing. Studies that have shown the 
thermal mass of log walls to be an 
effective deterrent to heat loss can 
be used to help convince building 
officials that log houses comply 
with building code energy require- 
ments, but the fact is that thermal 
mass conserves energy only when 
outdoor temperatures fluctuate 
widely on a daily basis. 
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FIGURE 23.25 


A straw bale house under construction near Purdum, Nebraska, in 1907. (Courtesy of Out on Bale, (un)Ltd. Tucson, Arizona) 


STRAW BALE 
CONSTRUCTION 


Straw bale construction employs bales 
that are stacked up as if they were 
huge masonry units to make walls. 
The method was first used in the 
plains of western Nebraska in the 
1890s (Figure 23.25). The mechani- 
cal baler had been invented several 
decades earlier, and the pioneers rec- 
ognized the potential of the bales as 
an inexpensive alternative to costly 
imported lumber. In the 50 years be- 
tween 1890 and 1940, approximately 
70 straw bale structures were built in 
the vicinity of the first experimental 
house. 

Interest in straw bales waned 
with the onset of World War II but 
was rekindled in 1973 by a one- 
page description in the book Shelter, 
which describes low-cost residential 
construction methods from around 
the globe. This more recent interest 


FIGURE 23.26 
This 3000-square-foot single-story straw bale structure has a simple form with 


straightforward openings for windows and doors. These features are characteristic of 
most straw bale buildings. (Courtesy of Trinity Springs Lid. Bottling Facility, © 2001 Kirk 
Anderson) 


FIGURE 23.27 
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A two-story straw bale house in California. (Photo by Kelly Lerner) 


in bales was fueled principally by a 
search for environmentally responsi- 
ble building materials with high insu- 
lation values for energy conservation. 
A later article in Fine Homebuilding 
magazine further stimulated curios- 
ity, and there has been a groundswell 
of activity ever since. There are now 
several thousand straw bale structures 
in North America, with representa- 
tive buildings in each of the 50 states 
and all the Canadian provinces and 
territories (Figures 23.26 and 23.27). 
The basic building unit is a two- 
string or a three-string bale of straw (Fig- 
ure 23.28). Straw is a waste product, 
the stems of wheat, oats, barley, rice, 
or other small grains, and is tradition- 
ally used only for mulching or for 
bedding material for farm animals. 
It is different from hay in that it con- 
tains only the shaft of the grain plant 
from which it is cut, and it has little 
nutritional content. Straw is there- 
fore not attractive to vermin as food. 


3-STRING BALE 2-STRING BALE 
75-85 Ib 40-50 Ib 


FIGURE 23.28 

Two-string and three-string bales. The bales can be made shorter in length by 
threading new strings through the intact bale, wrapping the new strings around the 
end of the bale to be saved, tightly tying the new strings, and cutting the original 
strings to release the unused part of the bale. This is a time-consuming process, 
so experienced straw bale designers and builders do everything possible to use 
complete bales. 
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FIGURE 23.29 


Bales are typically laid with the straws parallel to the 


Three-part stucco provides 
moisture protection at the 
extenior of the wall 


Stucco netting is mechanically 
fastened to the bales 


ground. Extra measures must be taken at the base of a 
straw bale wall to protect the bales from moisture. A shal- 
low shelf called a “toe-up,” usually made of wood and 
gravel, elevates the bales above floor level to minimize the 
chance that the bales will get wet from rainfall during con- 
struction or plumbing leaks when the building is done. A 
weather barrier at the base of the wall gives added protec- 
tion from splashback at the outside of the building. 


Not all bales are suitable for con- 
struction, and straw bale manuals and 
books discuss in detail how to find 
bales that are dry, dense, and of con- 
sistent size. The bales are typically laid 
with the straws parallel to the ground 


for wall construction because they are 
stronger in this orientation, the bal- 
ing strings are protected within the 
finished wall, and the wall surfaces 
can be easily notched for utilities 
without interfering with the strings 


Weather barmer protects the 
base of the wall from splashback 


Moisture bamner protects the 
bales from moisture in the 
ground 


Toe-up supports the bales 
above floor level 


(Figure 23.29). Interior walls are usu- 
ally framed with wood because bales 
take up so much space, and there 
is no advantage to the insulative ca- 
pacity of straw at the interior of the 
house. 
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FIGURE 23.30 
A loadbearing straw bale wall. Numerous designs have 
been developed for the bond beam at the top of the wall. 


Loadbearing Straw Bale Walls 


The roofs of the original Nebraska 
houses were supported by walls made 
of bales that were simply stacked up. 
This was a logical and straightforward 
use of bales as structure, and this basic 
strategy is still employed in modern 
straw bale houses. Bales are stacked 
in a running bond pattern, which 
ties them together structurally. To in- 
crease the continuity and strength of 
the walls, however, they are generally 


Steel threaded rods embedded in the 
foundation pass vertically through the 
bales to provide an alternative method 
of cinching down the bond beam and 

compressing the bales 


precompressed to make them more 
stable and to work out the 1 or 2 inches 
of settlement that will occur after the 
roof structure is added. This precom- 
pression is achieved by squeezing the 
bales between the foundation and a 
continuous wooden bond beam at the 
top of the wall. The foundation and 
bond beam are connected either by 
threaded rods running through the 
bales or with straps made of wire mesh 
or wood at both faces of the bales (Fig- 
ures 23.30 and 23.31). 


Bond beam at the top of the 
wall is cinched down to 
compress the bales 


Straps fastened to the foundation 
or the floor structure pass over 
the top of the bond beam 


Weather bamer over the top 
of the bales protects the wall 
from roof leaks 


Lintels over openings must support 
both wall loads and roof loads 
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FIGURE 23.31 
Workers strapping 

a bond beam to the 
top of a loadbear- 
ing straw bale wall. 
(Photo copyright David 
Eisenberg) 


Infill Straw Bale Walls 


Most straw bale structures are now 
constructed with an independent 
wooden frame that supports the roof 
with the bales used merely as injill 
(Figure 23.32). The benefits of this 
approach are that code approval is 
usually simpler, loads can be greater, 
and greater design flexibility can be 
achieved, including more wall open- 
ings and the addition of a second 
story. The wooden frame can be 
made with a post-and-beam structure 
composed of conventional 4 x 4 or 
6 X 6 members, but it is more fre- 
quently made with flat box columns 
that are composed of 2 x 4s and ply- 
wood and extend the full thickness 
of the wall (Figures 23.33 and 23.34). 
The amount of lumber used to make 
this vertical structure often does not 
exceed that used to make the bond 
beam at the top of a loadbearing bale 
wall. There are also experiments in 
progress for infill straw bale walls that 
use metal, concrete, concrete block, 
or wooden trusses for columns. Infill 


FIGURE 23.32 
An infill straw bale house using a post-and-beam structure to support the roof. The 


straw bales provide only insulation and enclosure in this type of structure. (Photo by 
Kelly Lerner) 
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FIGURE 23.33 
An infill straw bale wall. 


Infill systems must be braced 
to resist lateral loads 


Beam structure bears on 
columns and is designed to 
support the roof 


Weather barmer over the top 
of the bales protects the wall 
from roof leaks 


Lintels over openings support 
only the wall above 


Structural columns support 
the beam structure 


Bales can be organized in a 
stacked bond pattern because 
they do not contribute structurally 
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FIGURE 23.34 
Framing for an infill straw bale house. 


The wall at the right has box columns 
framed around a window. The wall at the 
left is being framed conventionally with 
2 X 6 studs. Compare the amounts of 
lumber in the two types of wall. (Photo by 
James McDonald) 


FIGURE 23.35 FIGURE 23.36 

An infill straw bale wall is ready for its stucco finish. The steel The window positioned at the outside face of the straw bale 
crossbracing between the door and the window provides resistance _ wall allows a window seat to be located within the thickness of 
to lateral forces along the plane of the wall. (Photo by Rob Thallon) the wall. (Photo by Kelly Lerner) 


FIGURE 23.37 

Wire lath is pinned to the straw bales 
to improve the adherence of stucco. 
(Photo by Kelly Lerner) 


straw bale walls must be braced to re- 
sist lateral loads, and diagonal metal 
straps attached to the structural 
frame are typically used for this pur- 
pose (Figures 23.33 and 23.35). 


Window and Door Openings 


Openings for windows and doors in 
straw bale walls present interesting 
challenges. Because of the thickness of 
the bale walls (18 to 23 inches), a deci- 
sion must be made to locate the window 
or door at the exterior, the interior, or 
the center of the wall. Most windows 
are located at the exterior, giving the 
interior a wide stool at the base of the 
window and wide reflective surfaces at 
the sides and top (Figure 23.36). Doors 
can be installed at or near the interior 
face of the wall to give them more pro- 
tection from the weather. 

To create a rigid, regular surface 
for the attachment of windows and 
doors, rough openings are framed 
with wood. In loadbearing walls, 
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FIGURE 23.38 
Stucco work is beginning in the gable of this straw bale house. The weather barriers 


at the tops and bottoms of the bale walls provide extra protection against unwanted 


moisture. The tarp over the roof adds protection from rain during construction. Straw 


bale construction projects tend to attract numerous volunteer workers and onlookers 


because of the novelty of the construction system. (Photo by Kelly Lerner) 


a wooden frame is pinned to the 
bales with dowels. For infill walls, the 
wooden structural frame provides 
the rough opening (Figure 23.34). 
Openings in loadbearing bale walls 
must have a structural header capa- 
ble of supporting roof loads, while 
openings in infill walls need to pro- 
vide support only for the dead load of 
the bales directly above them. 


Finishing Straw Bale Walls 


The protection of straw bale walls 
from moisture is critical because the 
straw will decay and collapse if it is 
wetted for a significant period of 
time. It is wise to build a broad roof 
overhang that will keep rainfall from 
striking the walls directly. 

A wall finish carefully designed 
and constructed to prevent the intru- 
sion of water is essential. The typical 
exterior finish for a straw bale wall is 
three-coat portland cement-based 
stucco. The stucco may be applied 


directly to the bales, but is more typi- 
cally applied over stucco netting that 
is wired or pinned to the bale walls 
(Figure 23.37). A weather barrier be- 
neath the stucco netting at the base 
of the walls can be added for insur- 
ance against the intrusion of wind- 
driven rain or snow, but the inclusion 
in the wall assembly of any membrane 
must be measured against the need 
for the wall to dissipate any moisture 
that enters it (Figure 23.38). 

The interior surfaces of bale walls 
do not need protection from the 
weather. They are usually coated with 
gypsum plaster rather than stucco. 

The irregularity of a typical bale 
wall consumes up to 70 percent more 
stucco or plaster than a smoothly 
framed wall, so bale walls are often 
filled with a mixture of mud and straw 
before the finish is applied. The stuc- 
co and plaster contribute significant- 
ly to the strength of the walls. When 
stucco is shot onto the walls (gunite), 
strength is increased even more. 
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FIGURE 23.39 


A section detail of a straw bale house. (Courtesy of Fernau & Hartman Architects, Inc., 


Berkeley, California) 


BOX BEAM @ WINDOW HEAD 


Advantages and Disadvantages 
of Straw Bale Construction 


The main advantages of straw bale 
construction relate to its use as a green 
building material. The use of straw 
for construction decreases the need 
to dispose of it by burning or com- 
posting, thus reducing the amount 
of smoke and methane in the atmo- 
sphere. The straw bales have minimal 
embodied energy, especially if pro- 
duced locally. Their insulative value 
is high—R-33 or more for a 23-inch 
(585-mm) wall. In addition to these 
environmental advantages, straw bale 
construction produces a richly tex- 
tured surface and deep window and 
door reveals, which most people con- 
sider to be aesthetic benefits. 

The principal disadvantage of 
straw bale construction is its vulner- 
ability to moisture, which can cause 
the formation of mold and mildew 
or, in the worst case, can lead to the 
decay and complete disintegration of 
the straw. Concerns about the flam- 
mability of bale construction are un- 
founded: Straw bale structures have 
survived catastrophic fires, and the re- 
sults of fire tests have shown straw bale 
construction to be superior to wood 
frame construction with regard to 
combustibility. Termites and rodents 
appear not to be a problem because 
the straw is not attractive for either to 
eat, and there are fewer voids for nest- 
ing than in wooden structures. 


Straw Bale Construction 
and the Building Codes 


The national model codes do not 
recognize straw bale construction 
as an approved building method. 
Some jurisdictions in the southwest- 
ern United States, however, have 
adopted prescriptive codes for straw 
bale construction. Pima County, 
Arizona, was the first to adopt such a 
code in 1997; the state of New Mexico 
soon followed with a post-and-beam 
straw bale code. Various counties in 
western states have adopted amended 
versions of these codes. In other 


locations, approval depends on the 
acceptance of straw bales as an alter- 
native material. 


THE “GREENNESS” OF 
EARTH, LOGS, AND BALES 


Because they are primitive materials 
that have had little processing, ado- 
bes, rammed earth, log construction, 
and straw bale construction would 
seem to be the greenest of construc- 
tion systems. All these systems have 
comparatively little embodied en- 
ergy and use low-cost materials. Let’s 
look at each of them with an eye to 
sustainability. 


Earthen Construction Systems 


e Earthen systems tear up the land 
and require large amounts of very 
heavy manual labor in construction. 
e Earth walls are durable only if well 
protected from groundwater and pre- 
cipitation. 
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¢ Despite claims to the contrary in 
some books on earthen construc- 
tion, earth walls have poor thermal 
resistance and, in all but the mild- 
est climates, require that insulating 
materials be added on one side or 
the other. Earthen walls do have 
substantial thermal capacity that 
can be used to advantage for heat- 
ing in cold climates or for cooling 
in desert climates if insulation is on 
the exterior. 


Log Construction Systems 


e Log construction is extremely 
wasteful of wood, much more so than 
any other wood construction system. 


e Log walls are not highly resistant 
to the conduction of heat despite 
claims to the contrary by some log 
construction advocates. 


¢ Log walls contain miles of cracks 
that must be sealed carefully to 
minimize air infiltration. The logs 
swell in humid weather and shrink in 
dry weather, which may cause tearing 


or loss of adhesion of the sealant ma- 
terials between them. 


e The large gaps above doors and 
windows that must be provided to ac- 
commodate moisture-induced move- 
ment can be difficult to make airtight. 


Straw Bale Construction 
Systems 


e Straw bales use a material that is 
virtually a waste product. 


¢ Straw bale walls are much less con- 
sumptive of labor than earthen con- 
struction. 


¢ They provide good thermal insula- 
tion. 


e If wetted, straw bales can decay and 
swell. This weakens them structurally 
and may give rise to molds and decay 
organisms that many people find intol- 
erable. Swelling can crack the brittle 
stucco with which they are surfaced and 
encourage still more water leakage. 


04 24 00 Adobe Unit Masonry 
06 13 13 Log Construction 
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for straw bale builders, but the only one 
written for straw bale builders in cool, 
moist northern climates. 


thermal performance of logs 
straw bale construction 
two-string bale 

three-string bale 
loadbearing straw bale wall 
infill straw bale wall 


REVIEW QUESTIONS 


1. Compare the advantages and disadvan- 
tages of adobe and rammed-earth con- 
struction. Is either of these systems preva- 
lent in your area? Why or why not? 


2. What are the two basic styles of stacked 
log construction? Discuss these styles in 
terms of their advantages and disadvan- 
tages. 


EXERCISES 


1. Contact a local contractor, designer, or 
building inspector and inquire whether 
there has been any recent construction 
activity using the alternative materials out- 
lined in this chapter. If so, try to visit the site 
and interview the owner about his or her 
philosophical reasons for choosing one of 
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3. Explain the difficulty with using a col- 
umn incorporated into stacked log con- 
struction. 


4. Compare the two basic structural types 
of straw bale walls. Do you believe that the 
differences can be seen once the walls are 
finished? 


these alternative building methods. Inter- 
view the builder (who is often the owner) 
about the difficulties and delights of the 
construction process. What would be done 
differently if the project were repeated? 


2. Following the example of the three lit- 
tle pigs, design a simple one-room cottage 


5. What measures are typically taken to 
keep moisture out of a straw bale wall? 


using first straw bales, then stacked logs, 
and, finally, adobe bricks. What adjust- 
ments do you need to make to the de- 
sign as it is reinterpreted from one 
material to the next? Which design do 
you believe would withstand the highest 
wind force? 
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and concrete can be reinforced with steel. 


saving frame walls inside. 


Masonry or 
concrete 
exterior 
wall 


Conventional 
interior wall 


FIGURE 24.1 

Loadbearing masonry is 
generally used only for the 
exterior walls of a house. 
The interior walls and floors 
are framed with wood or 
metal studs. When wood 

is used, balloon framing 
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should be employed to 
avoid shrinkage, which can 
cause floors to slope. 


walls is designed to 
minimize shrinkage 


Floor framing at bearing 


For the past century, masonry and concrete have been used extensively to construct perimeter foun- 
dations for residences in North America. They are uniquely suited for this purpose because they are 
strong, durable, and virtually unaffected by moisture. When extra strength is required, both masonry 


Above grade, loadbearing masonry and concrete walls may be used for the exterior walls of a 
house, with interior partitions made of frame construction (Figure 24.1). The strength, aesthetic effect, 
and weather resistance of masonry and concrete are exploited in the exterior walls, with thinner, space- 


In two-story houses, the designer must keep in mind that the wood framing at the core of the house is 
subject to settling due to changes in moisture content, whereas the masonry or concrete perimeter walls 
are not. It is especially important in this situation to ensure that interior supports do not contain signifi- 
cant amounts of cross-grain wood because this can lead to floors that slope. The common solution is to 
use balloon framing or continuous columns upon which the floor and ceiling framing is hung. Another 
solution is to use manufactured I-joists, which shrink scarcely at all, for floor framing. Floor and wall 
framing of light-gauge steel eliminates the shrinkage problem and allows platform framing to be used. 


LOADBEARING 
MASONRY 


Loadbearing Masonry 


Loadbearing masonry is one of the 
most ancient systems of construction. 
Worldwide, it remains one of the 
most popular methods of house con- 
struction. In North America, houses 
with stone or brick loadbearing walls 
were very common until the early 
1900s. By the middle of the 20th cen- 
tury, concrete masonry unit (CMU) 
construction had almost entirely re- 
placed brick for structural walls, and 
the costlier brick wythe came to serve 
only as a thin veneer over a CMU or 
wood light frame structural wall. 

Today, both brick and CMU are 
finding increased use as loadbearing 
walls for residences as people recog- 
nize the advantages of masonry over 
frame construction. Masonry is often 
chosen for its qualities of permanence, 
solidity, and fire resistance; for its 
unique colors, textures, and patterns; 
and for its association with beautiful 
buildings of the past (Figures 24.2 
and 24.3). 

Masonry, like wood light frame 
construction, is a construction process 
that is carried out largely at the building 
site with small, relatively inexpensive 


FIGURE 24.3 
Manufactured masonry units are rectangular and thus are most readily assembled 
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FIGURE 24.2 

Loadbearing masonry walls made 
of manufactured masonry units 
can simulate traditional stone walls. 
(Photograph from National Concrete 
Masonry Association [NCMA] 
publication Residential Technology: 
Volume 2 [RESTEK 2]) 


into rectangular forms. An assemblage of simple rectangular forms can produce a 


functional and pleasing residence. (Photograph from National Concrete Masonry Association 
[NCMA] publication Residential Technology: Volume 2 [RESTEK 2]) 


tools and machines. It does not require 
an extensive period of preparation or 
fabrication in advance of the beginning 
of construction. However, construction 
can be delayed during periods of very 
hot, very cold, or very wet weather, 
which interferes with the proper cur 
ing of the mortar. 


Reinforced Masonry Walls 


Loadbearing walls may be built with 
or without reinforcing. Unreinforced 
masonry walls cannot carry such high 
stresses as reinforced walls and are un- 
suitable for use in regions with high 
seismic risk, but they are common in 


many other regions. Unreinforced 
walls must be thicker than reinforced 
ones in order to resist buckling under 
the lateral forces of wind and other 
dynamic loads. With steel reinforcing, 
the wall achieves tensile strength as 
well as compressive strength, and the 
minimum required thickness is less 
than that of an unreinforced wall. 

In residential construction, re- 
inforced brick loadbearing walls are 
usually made with a single wythe of 
bricks that are slightly thicker than 
normal with an open core to accom- 
modate vertical reinforcing steel 
(Figures 24.4 and 24.5). Horizon- 
tal reinforcement is achieved with 
welded wire joint reinforcement. 
Tall brick walls must be temporarily 
braced during construction but are 
ultimately stabilized by floor and roof 
diaphragms that are bolted to them 
(Figure 24.6). 

CMU loadbearing walls are much 
more prevalent than brick loadbear- 
ing walls because they are less ex- 
pensive to construct and easier to 
insulate (Figure 24.7). Both of these 
advantages stem primarily from the 
larger size of a CMU, which vastly re- 
duces the number of units that the 
mason must handle and allows for 
larger hollow cores to receive insula- 
tion. The height of a CMU allows hor- 
izontal reinforcement to be achieved 
either with wire joint reinforcing or 
with reinforcing bars grouted into a 
bond beam (Figure 24.8). 

For both brick and CMU walls, 
the number, locations, and sizes of the 
steel reinforcing bars are determined 
by the structural engineer. The engi- 
neering design of masonry loadbear- 
ing walls is governed by ACI 530/ 
ASCE 5, a standard established jointly 
by the American Concrete Institute 
and the American Society of Civil 
Engineers. This document establishes 
quality standards for masonry units, 
reinforcing materials, metal ties and 
accessories, grout, and masonry 
construction. It also sets forth the pro- 
cedures by which the strength and stiff- 
ness of masonry structural elements 
are calculated. 
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FIGURE 24.4 

Section of a 4-inch (102-mm) 
brick bearing wall. The ground 
floor can be framed with 
wood like the upper floor if 

a crawlspace or basement is 
desired. 


FIGURE 24.5 

A single-wythe brick loadbearing wall with vertical rebar 
projecting from the top of the wall. The masons are working 
at the level of the second floor. (From Masonry Concept 
Home, “A Brick Bearing Wall” by Walter A. Laska) 


Wood top plate anchored to 
bricks provides attachment 
for roof 


Loadbearing brick masonry 


—— 1 
Floor structure is hung from 


wooden ledger that is 
bolted to the brick wall 


FIGURE 24.6 
A wood ledger attached with anchor bolts to a 4-inch (102-mm) 
Hgts insulation Setened 10 loadbearing brick wall. Metal hangers on the ledger support 


Inside face of brick 


joists for a structural panel subfloor, which will stabilize the 
walls. (From Masonry Concept Home, “A Brick Bearing Wall” by 
Walter A. Laska) 
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FIGURE 24.7 

A typical section of an 8-inch (203-mm) 
CMU residential wall. The wall can 
also be insulated on the inside surface 
or within the hollow cores of the 


7 CMU. The exposed surface of the 
a insulation will be protected against the 
“ weather (Figures 24.10 and 24.11). 
iH 
| 1 
the Wood top plate anchored to 
CMU provides attachment 
for roof 
4 
Loadbearing CMU masonry 
‘ a 
4 FIGURE 24.8 
Le The large size of the 
masonry units allows 
CMU walls to be 
Floor structure is hung from constructed efficiently. 
oe wooden ledger that is bolted Hollow cores and joint 
Sie CM al reinforcing allow them 
= Reinforced bond beam over pe reinforced caaily 
/ openings and at structural in both the vertical 
connections to ledgers and and horizontal direc- 
plates : . . 
tions. Notice the verti- 
Preservative-treated plywood colsebar Preece 
and/or 2x lumber around from the unfinished 
rough openings provides chimney structure. 
attachment for windows and 
doors (Photo by Charles 
Menefee) 
gv 
4 
Rigid insulation fastened to 
/ 7 exterior face of CMU wall 
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FIGURE 24.9 

Dry-stack block—CMU laid without mortar—is available in some areas. The normal- 
sized blocks have their top and bottom surfaces ground very smooth in a factory so 
that they can be stacked with precision. Once the blocks are in place with reinforcing 
steel located within, the cores are filled with grout to lock the assembly together. This 
example has CMUs with chamfered edges and has a decorative strip made of quarry 
tile inserted between the top two courses. Because the lack of mortar leaves small 
gaps between the individual masonry units, dry-stack block must be sealed against the 
weather when used to enclose living spaces. (Photo by Rob Thallon) 
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Thermal Insulation of 
Masonry Walls 


A solid masonry wall is a good con- 
ductor of heat, which is another way 
of saying that it is a poor insulator. 
In hot, dry climates, the capacity of 
an uninsulated masonry wall to store 
heat is effective in keeping the inside 
of the building cool during the hot 
day and warm during the cold night, 
but in climates with sustained cold or 
hot seasons, measures must be taken 
to improve the insulating qualities of 
masonry walls. There are three gen- 
eral ways of insulating masonry walls: 
on the outside face, within the wall, 
and on the inside face. 

Insulation on the outside face is 
a relatively recent development. It 
is usually accomplished by means of 
an exterior insulation and finish system 
(EIFS), which consists of panels of 
plastic foam that are adhered to the 
masonry and covered with a thin, 
continuous layer of polymeric stucco 


FIGURE 24.10 


Water-managed EIFS applied to the exterior of a CMU wall. 


reinforced with glass fiber mesh (Fig- 
ure 24.10). The appearance is that 
of a stucco building. The masonry is 
completely concealed and can be of 
inexpensive materials and workman- 
ship. An advantage of an EIFS is that 
the masonry is protected from tem- 
perature extremes and can function 
effectively to stabilize the interior 
temperature of the building. Disad- 
vantages are that the thin synthetic 
stucco coatings are usually not very 
resistant to denting or penetration 
damage and that the EIFS is combus- 
tible. Additionally, an EIFS that does 
not incorporate a fully drained and 
ventilated cavity between the insula- 
tion panels and the masonry is prone 
to water leakage. 

Exterior insulation of a masonry wall 
can also be accomplished with rigid in- 
sulation set between furring strips (Fig- 
ure 24.11). With this system, virtually 
any siding can be attached to the ma- 
sonry walls while retaining the thermal 
advantages of interior masonry. 


Secondary 
moisture barrier 


Drainage mat, 
Ye" thick 
Insulation board 
with mechanical 
fastener 


Reinforcing mesh 


Base coat 
synthetic stucco 


Finish coat 
synthetic stucco 


Flashing or 
starter track 


FIGURE 24.11 
Rigid insulation is being applied to the exterior of this masonry 


Insulation within the wall can take 
several forms. The hollow cores of 
a concrete block wall can be filled 
with loose granular insulation or with 
proprietary systems of molded-to-fit 
liners of foam plastic (Figure 24.12). 
Insulating the cores of concrete 
blocks allows both faces of the block 
to be exposed, simplifying the finish- 
ing process. Insulating the cores does 
not retard the passage of heat through 
the webs of the blocks, however, and is 
most effective when it is coupled with 
an unbroken layer of insulation on the 
interior or exterior face of the wall. 

Interior insulation of a masonry 
wall can be accomplished by adher- 
ing slabs of plastic foam to the wall 
and applying plaster directly to the 
foam. More usual is the practice of 
attaching wood or metal furring 
strips to the inside of the wall with 
masonry nails or powder-driven met- 
al fasteners (Figure 24.14). Furring 
strips are analogous to wood or met- 
al studs and may be of any desired 


residence. Wooden furring strips between the insulating panels 


allow virtually any siding material to be attached to the wall. 
(Photograph from National Concrete Masonry Association [NCMA] 


publication Residential Technology: Volume 2 [RESTEK 2]) 


FIGURE 24.12 

This proprietary con- 
crete masonry system is 
designed with polysty- 
rene foam inserts that 
provide a high degree 
of thermal insulation. 
The webs of the blocks 
are minimal in area to 
reduce thermal bridging 
where they pass through 
the foam. Vertical 
reinforcing bars can be 
placed as shown, and 
horizontal bars can be 
laid in the grooved webs. 
The cores must be grout- 
ed where reinforcing is 
used. (Courtesy of Korfil, 
Inc., West Brookfield, 
Massachusetts) 


FIGURE 24.13 

Foamed-in-place insulation may be in- 
jected into the cavities of standard CMU 
walls to increase thermal performance. 


Excess foam is trimmed from the top 

of the wall before the top plate is at- 
tached. (Photograph from National Concrete 
Masonry Association [NCMA] publication 
Residential Technology: Volume 2 
[RESTEK 2]) 
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FIGURE 24.14 
Foam plastic insulation on the interior of a concrete masonry wall with wooden furring 


depth to house the necessary thick- 
ness of fibrous or foam insulation. 
Furring strips can also solve an- 
other chronic problem of masonry 
construction by creating a space in 
which electrical wiring and plumb- 
ing can easily be concealed. 


Detailing Masonry Walls 


Every masonry wall is porous to some 
degree. Some water will find its way 
through even the most carefully con- 
structed new masonry if the wall is 
wetted for a sustained period. The 
most practical way to prevent the pas- 
sage of water through exposed struc- 
tural masonry, therefore, is to protect 
the surface of the masonry with wide 
roof overhangs. When single-wythe 
structural masonry must be exposed 
to the weather, it is important to pro- 
vide high-quality flashing at parapets 
and wall openings and to protect the 
exposed surface of the wall with a 
moisture-resistant paint or sealer. 


strips between the insulating panels. There are also patented systems of metal furring 


strips in which only isolated clips contact the masonry wall to minimize thermal 


conduction through the metal. The furring strips serve as a base to which interior 
finish panels such as gypsum board can be attached. (Photograph from National Concrete 
Masonry Association [NCMA] publication Residential Technology: Volume 2 [RESTEK 2]) 
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Paints and sealers can be very ef- 
fective at keeping moisture from pen- 
etrating masonry walls, but most have 
a relatively short life expectancy and 
must be reapplied regularly. There 
are two basic categories for water- 
resistant masonry coatings: those 
that are opaque and mask the color 
of the masonry with a color of their 
own, and those that are transparent 
and allow the color and texture of 
the masonry to be seen. Transparent 
coatings generally have a shorter ef- 
fective life (3 to 5 years) than opaque 
coatings (up to 10 years). 


Loadbearing Masonry 
and the Building Codes 


The International Residential Code 
(IRC) contains a section that sets 
prescriptive standards for masonry 
walls of all types. By following these 
standards, the design of a masonry 
residence need not bear the seal of 
a licensed architect or engineer. The 
code specifies, for example, that 
loadbearing masonry walls for single- 
story buildings must be at least 6 inch- 
es (152 mm) thick, and walls more 
than one story high must be 8 inches 
(203 mm) thick. Anchoring of the 
roof and floor structures to the ma- 
sonry walls and minimum reinforc- 
ing of the walls are also designated in 
the code. 


INSULATING 
CONCRETE FORMS 


Insulating concrete forms (ICFs) replace 
the wood or metal formwork required 
for conventional concrete walls and 
stay in place after the concrete is 
poured to provide an insulating layer 
on both sides of the reinforced con- 
crete wall. ICFs are typically stacked 
like CMUs and are held in place with 
adhesive or by interlocking with one 
another (Figures 24.15 and 24.16). 
Virtually all ICFs are made of poly- 
styrene (either expanded polysty- 
rene [EPS] or extruded polystyrene 


[XPS]) and thus are very easily cutand 
carved with a simple handsaw, power 
saw, or hot wire to make openings 
and to accommodate electrical con- 
duits and plumbing (Figure 24.18). 
Because polystyrene is so soft and 
degrades in ultraviolet light, ICF 
walls must be protected with other 
materials at both indoor and out- 
door surfaces. Typically, ICF walls are 
finished with synthetic stucco on the 
exterior and covered with drywall on 
the interior, although most ICF units 
include integral metal furring strips to 
accept screws, thus allowing either 
side to be covered with virtually any 
finish material. 

ICF systems have been commonly 
available in North America for only 


Horizontal reinforcement 
supported by form ties 


Insulating form 


Plastic form tie 


Vertical I 
reinforcement 

in 
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FIGURE 24.15 
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the past 20 years, and at first were 
used primarily for foundations (Fig- 
ure 24.19). Now ICFs are commonly 
used for the above-grade walls of the 
building as well. Like loadbearing 
masonry, ICF systems tend to be used 
only for exterior walls, while interior 
walls, floors, and roof are usually 
framed using standard light frame 
construction (Figure 24.20). 
Numerous companies manufac- 
ture and market ICF systems in a wide 
range of sizes and methods of connec- 
tion. The smallest ICF units measure 
approximately 10 inches tall by 3 feet 
long (250 by 915 mm), and the larg- 
est are about 30 inches tall by 10 feet 
long (0.75 by 3.0 m). The thickness 
of the units typically ranges from 


An example of ICFs on a concrete footing. The inner and outer 


form walls are spaced with plastic form ties. The ties resist the 


outward pressure of the wet concrete as it is poured and stay in 


place after the concrete is cured to provide screw attachment 


for finish surfaces. Large sections of formwork can be handled 


at once because of their light weight. 
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Wood top plate anchored 
to concrete provides 
attachment for roof 


Insulating concrete 

form (ICF) at both 

exterior and interior 

¢ faces of completed 
FS wall 


- re 
Floor structure 


supported by concrete 
wall as shown in 
4 Figure 24.26 


Preservative-treated 
plywood and/or 2x lumber 
around rough openings 
provides attachment for 
windows and doors 


FIGURE 24.16 

Section of a two-story wall made with ICFs. Finish materials 
have yet to be applied to either exterior or interior surfaces. 
The ground floor may be framed similarly to the upper floor if 
a crawlspace or basement is desired. 


FIGURE 24.17 

The first two courses of ICFs have been positioned on the 
footing. The forms will be aligned and braced when they reach 
their full height so that they remain in the proper position when 
the concrete is poured. (Courtesy of Arxx Building Products) 


FIGURE 24.18 
ICFs are easily adjusted at the site with simple hand tools. (Photo 
by Rob Thallon) 


FIGURE 24.19 
Early experimental uses of ICFs in North America were typically limited 
to foundations where insulation was required. (Photo by Rob Thallon) 
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FIGURE 24.21 

These forms illustrate two basic 
approaches taken by the manufacturers 
of ICF systems. The two forms on the 
left are monolithic, and different-sized 
blocks are required to achieve a variety 
of form widths. The two forms on the 
right are made in different widths by 
using different length spacers between 
outer insulative panels that are identical. 
(Photo by Rob Thallon) 


9 to 12 inches (230 to 300 mm), de- 
pending on the manufacturer. Some 
companies manufacture forms that 
can be varied in thickness by connect- 
ing the two sides with various lengths 
of rigid plastic ties (Figure 24.21). 


The Insulating Concrete 
Form Construction Process 


An ICF wall is constructed on a con- 
crete footing (either a spread footing 
or a turned-down slab). Vertical rebar 
placed in the footing to align with 
openings in the forms ties the ICF 
wall to the footing (Figure 24.22). The 
first course of forms is held in place 
on the footing either with adhesive or 
by placing it in the wet concrete of the 
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footing before it has set. Subsequent 
courses are stacked on top of one an- 
other in the same fashion as CMUs 
until the top of the wall is reached. 

Openings for doors and windows 
are made by omitting the ICF blocks 
in these areas and forming the perim- 
eter of the rough opening with pre- 
servative-treated wood members. The 
wood form prevents concrete from 
flowing into the opening and is left in 
place to provide a nailing surface for 
the attachment of windows and doors 
(Figure 24.23). Corners are typically 
made with standardized form compo- 
nents, but some systems require mi- 
tering and gluing of corners. 

After the forms have been stacked 
to the top of the wall, the next step 
is to complete the placement of the 
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FIGURE 24.20 

As experience with and confidence 
in ICF systems have increased, 

they have found acceptance for 
construction of exterior walls of new 
residences. Both the simple house 
on the left and the larger house on 
the right are built with ICF systems. 
(Photo by James McDonald) 


‘ 


reinforcing steel within the forms. All 
ICF systems allow vertical reinforcing 
steel to be inserted into the forms from 
the top after the entire wall is in place, 
but the method and timing of placing 
horizontal reinforcement vary consid- 
erably from manufacturer to manufac- 
turer. Most ICF systems use forms with 
an open channel at the top of each 
course, allowing horizontal reinforc- 
ing bars to be laid in place as the forms 
are being set in place. Other systems 
have horizontal channels through the 
center of the forms, requiring that 
horizontal reinforcing be installed 
after the forms are in place. 

Once the reinforcing steel is in 
place, the forms are aligned, braced 
sturdily with wood walers and diago- 
nals, and filled with grout. The grout 


FIGURE 24.22 
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Two workers laid up this ICF work in about 2 hours. Much of the time was spent 
connecting vertical rebar to rebar projecting from the concrete footing. (Photo by Rob 


Thallon) 


FIGURE 24.23 
A wooden frame inserted into the ICF wall will form a window rough opening. 
(Courtesy of Arxx Building Products) 


is typically a rich (3000 to 3500 psi) 
concrete mixture with a %inch pea 
gravel aggregate and a high (5-inch) 
slump. This mix is designed to flow 
horizontally without the need for vi- 
bration, completely fill the chambers 
in the forms, and totally encase all 


of the reinforcing steel. It is pumped 
into the open tops of forms up to 
12 feet (3.6 m) tall, but it is allowed 
to accumulate in lifts of no more than 
4 feet (1.2 m) in order to minimize 
the danger of blowouts from extreme 
fluid pressure at the base of the forms 


FIGURE 24.24 
Concrete being pumped into reinforced 
ICFs. (Courtesy of Arxx Building Products) 


(Figure 24.24). Subsequent lifts can be 
added after the lower lift has begun to 
set (usually about a half hour after it 
is poured). When the forms are com- 
pletely filled, excess concrete is struck 
off to form a level surface even with 
the top of the forms, and anchor bolts 
are inserted into the soft concrete. A 
preservative-treated wooden sill for 
connecting to the roof structure will 
later be held in place by the anchor 
bolts. In a day or two, when the grout 
has fully set, the temporary braces are 
removed, and work crews can proceed 
with the framing of floors, interior 
walls, stairs, and roof. 

For houses with one or more 
framed floors, ICF walls are typically 
formed only to the level of each floor 
before they are grouted. This requires 
two or three trips for the pumper 
truck, but allows the floor framing to 
stabilize the erected walls as well as 
form a platform for the erection of 
the ICF walls above floor level. 
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FIGURE 24.25 

The construction of an ICF house. (a) The 
house is formed up to the level of the first 

floor. The vertical reinforcing extends above 
the forms in order to tie in structurally to the 
wall above. (b) The forms have been filled with 
concrete, and the first floor has been framed. 
(c) The walls are being formed and braced 

to the subfloor. Proprietary forms frame the 
windows and doors. (d) The forms are filled 
with concrete to the top of the first-floor walls. 
(e) The second floor and second-floor walls have 
been completed. The designer has chosen for 
some reason to build the wall above the front 
door of wood. (f) The roof framing is nearing 
completion. Notice that the gable wall is framed 
with wood because of the difficulty of pouring 
concrete to a slope. (Photos by Erik Swinney) 
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Framed floors are typically sup- 
ported by a wood ledger connected 
to the inner side of the insulated 
concrete wall with common anchor 
bolts. The ledger cannot bear on the 
insulation, so holes are cut into the in- 
sulation at frequent intervals to allow 


aq 


FIGURE 24.26 


the concrete to extend to the face of 
the ledger (Figure 24.26). A similar 
strategy is typically recommended for 
connecting interior partition walls to 
the ICF system. 

Channels for electrical wiring 
and plumbing can be cut into the 


Inside wall of ICF 
Drywall interior finish 


Finish flooring with 
base trim 


Wood ledger attached to 
concrete with anchor bolts 


Floor joists supported by 
metal hangers 


ICF is removed at the 
location of each anchor 
bolt to allow concrete to 
extend to ledger 


A ledger to support floor joists is connected to an ICF wall with 
anchor bolts. The insulating form is cut away from around each bolt 
so that the poured concrete will extend to the surface of the ledger. 


FIGURE 24.27 
From the street, an ICF house is indistinguishable from a typical wood-framed house. 
(Courtesy of Arxx Building Products) 


surface of the ICF walls. The insula- 
tion is sufficiently thick to accom- 
modate the depth of most electri- 
cal boxes, which are glued in place 
after a pocket has been cut to receive 
them. The cables between boxes are 
pushed into grooves cut into the in- 
sulation. The holes and grooves can 
be filled with expandable liquid foam 
if necessary. 

ICF walls are typically finished 
on the exterior with synthetic stucco 
because it can be applied directly to 
the surface of the insulating forms. 
The surface of the forms must usually 
be smoothed somewhat before stucco 
or siding material can be applied, 
and this is accomplished by “sanding” 
with a large open-mesh screen. Other 
siding materials may be attached by 
using furring strips adhered to the 
forms or connected to the concrete 
with powderdriven fasteners. Many 
ICF systems incorporate integral fur- 
ring strips to which finishes can be 
screwed. 

The interior surface of ICF walls 
is commonly covered with gypsum 
board so that all walls of interior 
rooms can be finished entirely with 
the same material. The gypsum board 
is attached to strips incorporated in 
the ICF system or to furring strips of 
wood or light-gauge metal that are 
fastened to the insulated wall with 
powder-driven fasteners. 


Insulating Concrete Forms 
and the Building Codes 


ICF construction has grown so rap- 
idly that it has outpaced the build- 
ing codes, and many ICF houses 
are now built even though there is 
no reference to the system in the 
IRC. Prescriptive tables prepared by 
the National Association of Home 
Builders (NAHB) for seismic zones 
0, 1, and 2 are accepted as standards 
by most code jurisdictions. In seismic 
zones 3 and 4, site-specific engineer- 
ing for ICF residences is currently 
required. ICF prescriptive tables will 
likely be incorporated into the IRC 
beginning in the 2001 edition. 
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FIGURE 24.28 

Details from a 5-unit multifamily 
residence constructed with autoclaved 
aerated concrete (AAC), a masonry type 
discussed in Chapter 5. The structural 
masonry units have high insulation value, 
so the exterior walls may be completed 
with metal siding on the exterior and 
plaster on the interior. In this case, most 
of the electrical wiring and much of 

the plumbing was left exposed on the 
surface of the walls, which contributed to 
the desired industrial look. (Photo by Rob 
Thallon) 


C.S.1./C.S.C. 
MasterFormat Section Numbers 


03 30 00 Cast-in-Place Concrete 
03 31 00 Structural Concrete 
03 33 00 Architectural Concrete 


03 35 00 Concrete Finishing 

04 20 00 Unit Masonry 

04 21 00 Clay Unit Masonry 

04 22 00 Concrete Unit Masonry 

04 28 00 Concrete Form Masonry Units 


590 / Part Four ° Alternative Construction Systems 


SELECTED REFERENCES 


1. Several references listed in Chapter 5 
relate to the topic of masonry loadbear- 
ing walls. 


Key TERMs AND CONCEPTS 


loadbearing masonry 

unreinforced masonry wall 
reinforced brick loadbearing wall 
CMU loadbearing wall 

framed floors and masonry walls 
thermal insulation of masonry walls 


REVIEW QUESTIONS 


1. Where should flashings be installed in 
a masonry wall? What is the function of 
the flashing in each of these locations? 


2. What are the various ways of insulat- 
ing a loadbearing masonry wall? How do 
these depend on the type of masonry con- 
struction being employed? 


2. Vanderwerf, Pieter A., et al. Insulating 
Concrete Forms for Residential Design and 


exterior insulation 

exterior insulation and finish system 
(EIFS) 

insulation within the wall 

interior insulation 

moisture protection of masonry walls 


3. Why is balloon framing used rather 
than platform framing in conjunction 
with masonry and concrete loadbearing 
construction? 


4. What precautions should be taken 
when constructing masonry walls in Min- 
neapolis in the winter? 


Construction. New York: McGraw-Hill, 
1997. 


insulating concrete form (ICF) 
integral metal furring strip 
openings in ICF walls 
reinforcement of ICF walls 
framed floors and ICF walls 


5. What are the advantages and disadvan- 
tages of very large ICF units compared to 
smaller units? 


6. Why are ICF walls rarely formed and 
poured higher than one floor at a time? 


7. How are utilities incorporated into 
ICF walls? 


EXERCISES 


1. Contact a local contractor, designer, or 
building inspector and inquire whether 
there has been any recent construction 
using loadbearing masonry or ICFs. If so, 
try to visit the site and interview the owner 
about his or her philosophical reasons for 
choosing this method of construction. 
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Interview the builder (who is often the 
owner) about the difficulties and delights 
of the construction process. What would 
be done differently if the project were 
repeated? 

2. Design a small one-room vacation cot- 
tage using loadbearing masonry walls. Be 


sure to pay attention to the module of the 
masonry unit. How will the cottage be 
insulated? 


3. Change the construction system of the 
cottage walls to ICFs. How will the dimen- 
sions of the cottage be affected? How will 
the wall finishes be affected? 


The Uniqueness of 

the Timber Frame 

The Shape of the Timber Frame 
Enclosure of the Timber Frame 


Materials and Structure 
of the Timber Frame 
Materials 

Joinery 

Lateral Bracing of a Timber Frame 


Wood Shrinkage in Timber 
Construction 


TIMBER FRAME 
CONSTRUCTION 


¢ Building a Timber 
Frame House 


¢ Timber Framing and 
the Building Codes 


¢ Building Green with 
Heavy Timber 
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Wood beams have been used to span the roofs and floors of buildings since the beginning of civiliza- 
tion. In earliest historic times, roof timbers were combined with masonry loadbearing walls to build 
houses and public buildings. In the Middle Ages, braced wall frames of timber were built for the first 
time (Figure 25.1). The carpenters from forested European countries who emigrated to North America 
in the 17th and 18th centuries brought with them a fully developed knowledge of how to build effi- 
ciently braced frames, and for two centuries North Americans lived and worked almost exclusively in 
buildings framed with hand-hewn wooden timbers joined by interlocking wood-to-wood connections 
(Figure 25.2). Nails were rare and expensive, so they were used only in door and window construction 
and sometimes for fastening siding boards to the frame. 

Until two centuries ago, logs could be converted to boards and timbers only by human muscle power. 
To make timbers, axmen skillfully scored and hewed logs to reduce them to a rectangular profile. 
Boards were produced slowly and laboriously with a long two-man pit saw, one man standing in a pit 
beneath the log, pulling the saw down, and the other standing above, pulling it back up. At the begin- 
ning of the 19th century, however, water-powered sawmills began to take over the work of transforming 
tree trunks into lumber, squaring timbers and slicing boards in a fraction of the time that it took to do 
the same work by hand. The house builders and barn raisers of the early 19th century switched from 
hand-hewn to sawn timbers as soon as they became available. 

By the mid-19th century, the introduction of inexpensive wire nails combined with the availability 
of sawn lumber to spawn the wood light frame and mark the end of dominance by timber framing of 
residential construction. Many early timber-framed barns and houses still survive, however, and with 
them survives a rich tradition that continues to the present day. The fact that many of these structures 
are centuries old and still in service is a testament to the structural ingenuity of their design and the 
prowess of their builders. 


FIGURE 25.1 

Braced wall framing was not developed 
until the late Middle Ages and early 
Renaissance, when it was often exposed 
on the face of the building in the style of 
construction known as “half-timbering.” 
The space between the timbers was filled 
with brickwork or with wattle and daub, a 
crude plaster of sticks and mud, as seen 
here in Wythenshawe Hall, a 16th-century 
house near Manchester, England. (Photo 
by James Austin, Cambridge, England) 
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The European tradition of heavy timber framing was brought to North America by the earliest settlers and was used for houses and 
barns until well into the 19th century. (Drawing by Eric Sloane, courtesy of the artist) 


THE UNIQUENESS OF 
THE TIMBER FRAME 


Residential building systems must 
compete successfully on the basis of 
price and performance with other 
systems, particularly wood light frame 
construction. Timber framing is an 
anachronistic system that cannot com- 
pete on these grounds, but the timber 
frame has such aesthetic appeal that 
it is increasing in popularity despite 
its higher cost and lack of energy or 


environmental advantage. To some 
degree, this appeal may stem from 
the color, grain figure, and warm feel 
of wood. In larger part, it may relate 
to the pleasure that people feel when 
they sense the structure at work and 
understand how the timbers collec- 
tively support and stabilize the build- 
ing (Figure 25.3). Most people today 
live in dwellings where none of the 
framing is exposed, and even a few 
exposed ceiling beams in one’s house 
have become a much-desired amenity. 


The timber frame satisfies this desire 
and recalls the sturdy houses our an- 
cestors erected from hand-hewn tim- 
bers only a few generations ago. 


The Shape of 
the Timber Frame 


The large timbers of the timber frame, 
rectangular in section, are most eas- 
ily and effectively joined at right an- 
gles. Thus, the organization of the 
structural members tends to describe 
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simple orthogonal spaces and simple 
building forms. Connections are 
costly, so their number is minimized. 
Indeed, virtually all historic timber 
frame buildings of note are com- 
posed in a very straightforward way 
(Figure 25.4). Modern timber frame 
houses, whether they are tall, sprawl- 
ing, or built on a hillside, generally 
follow these same guidelines because 
they employ the same structural 
vocabulary (Figure 25.5). 


FIGURE 25.3 
Architects Moore, Lyndon, Turnbull, and Whitaker and structural engineer Patrick 
Morreau designed a rough-sawn heavy timber frame both as a means of supporting this 
seaside condominium dwelling and as a major feature of its interior design. This project 


Enclosure of the Timber 
Frame 


The main difference between historic 
timber frame structures and those 
constructed today is the method 
of enclosure. In the past, the frame 
itself was used as part of the enclo- 
sure system, and the spaces between 
members were filled in with stone, 
brick, and other materials to com- 
plete the walls and seal against the 


breaks from the tradition of all-wood joinery but maintains the sense of a timber frame. 
For additional photographs of this project, see Figures 25.5 and 25.21. (Photo © Morley Baer) 


weather (Figure 25.6a). This method 
of enclosure exposed the outside of 
the frame to the elements, which led 
to its deterioration. As the frame ex- 
panded and contracted with changes 
in moisture content, gaps were creat- 
ed around the infilled wall material, 
inviting moisture penetration and in- 
creasing air infiltration. The heavy in- 
fill materials were also poor thermal 
insulators. Prompted by more severe 
climatic conditions, early North 
American settlers improved the situ- 
ation by cladding the entire outside 
surface of the building to protect it 
from the weather, but the thermal de- 
ficiencies of the system persisted (Fig- 
ure 25.6b). Nowadays, we expect new 
construction to form both an effective 
weather barrier and an efficient ther- 
mal insulating layer, so timber frame 
buildings are usually wrapped on the 
exterior with well-insulated panels 
that are tightly sealed together. The 
position of the wall on the outside of 
the frame allows the frame to be fully 
exposed to the interior, unlike its his- 
toric counterparts (Figure 25.6c). 


MATERIALS AND 
STRUCTURE OF 
THE TIMBER FRAME 


Materials 


As stands of old-growth trees have be- 
come scarce, wood for timber frame 
construction has become more pre- 
cious and its quality has diminished. 
Some species of wood such as oak that 
were traditionally used for timbers are 
no longer commonly cut for building 
construction, so timber framers must 
cultivate relationships with small mills 
to obtain them. In fact, even the com- 
mercial species usually used for tim- 
ber frames such as pine, spruce, and 
fir are seldom available from stock in 
the form of large timbers, so they are 
usually obtained through small, local, 
specialized mills attuned to the par- 
ticular needs of timber framers. 
Many timber framers have 
turned to recycled timbers as a source 


FIGURE 25.4 

Both the members and the joinery 
of a timber frame are suggestive 
of simple rectangular volumes. 
These volumes become expressed 
at the scale of the individual 
room, which, in turn, contributes 
to the form of the entire building. 


FIGURE 25.5 
Each of the attached dwellings in Sea Ranch Condominium #1 in northern California, 
built in 1965, is framed with a simple cage of unplaned timbers sawn from trees taken 
from another portion of the site. The diagonal members are wind braces. (Architects: 
Moore, Lyndon, Turnbull, and Whitaker. Photo by Edward Allen) 
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FIGURE 25.6 

(a) Early timber frame walls were 

filled with masonry or wattle and daub. 
(b) North American builders covered 
timber frame walls with siding to 
protect them against the severe climate. 
(c) Timber frame buildings are now 
clad with insulated panels on both walls 
and roof. The panels provide excellent 
thermal insulation and a surface for the 
application of a weather envelope. 
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FIGURE 25.7 
This historic timber frame barn is being enclosed with structural insulated panels. Because of the irregularity of the original frame, 
a decision was made to space the insulated panels away from the frame rather than fastening them directly to it. (Courtesy of Thermal 
Shell Homes, Houston, Texas) 


of material. Many mills and factories 
that were built with large timbers be- 
tween the late 1800s and early 1900s 
have become obsolete, and when 
they are demolished, the straight, 
fine-grained timbers of which they 
were often made are sold as salvage. 
Timber framers, recognizing that 
the quality of this old-growth timber 
from virgin forests can no longer be 
equaled, are willing to expend extra 
effort to obtain it and have it sawn to 
the dimensions desired for their use. 

Timber framers and clients for 
whom environmental responsibility 
is a priority often use glue-laminated 
rather than sawn timbers. Laminated 
beams are stronger and more dimen- 
sionally stable than sawn wood beams 


and can be made in the exact sizes 
and shapes desired. 


Joinery 


Much of the beauty of a timber frame 
structure comes from the elegance of 
the joints that connect the members 
(Figure 25.8). These joints have evolved 
over time to respond to the physical 
properties of the wood and the nature 
of the forces imposed upon them. Rich 
traditions of wood joinery have devel- 
oped independently in Japan, China, 
Europe, and North America. Modern 
timber framers, with the advantage of 
international communication, often 
combine details from several cultures 
to achieve the best overall result. 


Joints in a timber frame structure 
typically must be designed to with- 
stand the forces of compression, ten- 
sion, shear, and torsion. These forces 
correspond, respectively, to pushing 
a beam into a column, pulling it away 
from the column, pushing it down- 
ward toward the ground, and rotating 
it (Figure 25.9). Not surprisingly, tim- 
ber joints that can resist all of these 
forces tend to be complicated. 

The traditional timber frame joint 
consists ofa mortise and tenonheld togeth- 
er with wooden dowels. When this joint 
is used to connect a post and a beam, a 
rectangular recess called a mortise is cut 
into the side of the post, and a match- 
ing tongue known as a tenon is cut at 
the end of the beam (Figure 25.10). 


FIGURE 25.8 

The elegance of the 
joinery, the warmth 

of the wood, and the 
expression of the 
structure combine to 
create the overall appeal 
of a handcrafted timber 
frame house. (Courtesy 
of Benson Woodworking, 
Alstead, New Hampshire) 


FIGURE 25.9 
Basic forces on a timber frame joint: 

(a) Shear at the joint is the result of grav- 
ity loads on the beam, (b) compression at 
the joint is the result of the beam being 
pushed along its length into the post, 

(c) tension at the joint results from hori- 
zontal forces pulling the beam away from 
the post, and (d) torsion at the joint is 
the result of the rotational forces on the 
beam (or on the post). 
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FIGURE 25.10 

A typical mortise-and-tenon joint connecting beam to post. The shaded areas at 
the bases of the mortises provide bearing surfaces for vertical loads imposed by 
the beams. 
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The beam bears on the horizontal 
surface at the base of the mortise, and 
it is prevented from rotating by the 
tenon. The beam cannot be pushed 
closer to the post without crush- 
ing wood fibers, and pegs inserted 
through the tenon prevent its with- 
drawal. The proportions of the joint 
are adjusted according to the species 
of wood, size of members, and forces 
within the members. This basic joint 
is used in various versions throughout 
the frame to connect other members 
such as joists, rafters, and knee braces. 

In the past, joints for timber frame 
buildings were made entirely with 
hand tools, but now power tools speed 
the joint-making process considerably 
without lowering quality. One tradi- 
tion that unites most residential timber 
framers is the avoidance of metal in 
the connections. Metal would produce 
stronger and less expensive joints, but 
they would not be as beautiful. 


Lateral Bracing of 
a Timber Frame 


Horizontal forces such as wind and 
earthquake are resisted in a timber 
frame structure by means of diagonal 
knee braces located at the right-angle 
connections between principal mem- 
bers of the frame. Knee braces always 
occur in pairs so that when a force is 
applied to one side of the frame, one 
brace will be working in tension, and 
the other will be working in compres- 
sion (Figure 25.11). The mortise-and- 
tenon joints used for knee braces are 
always stronger in compression than 
in tension, so the structure is designed 
to rely on only half of the knee braces 
at any one time. And even though the 
walls that are built around the frame 
to enclose it add some lateral strength 
to the structure, the timber frame is 
designed to stand on its own. 


Wood Shrinkage in 
Timber Construction 


Wood is subject to large amounts of 
expansion and contraction caused 


FIGURE 25.11 


Paired knee braces in a single bay of a timber frame. A force applied to one end will 


put one brace in compression and the other in tension. A force on the other end will 


have the opposite effect. 


by seasonal changes in moisture con- 
tent, particularly in the direction 
perpendicular to its grain. As if this 
were not enough to contend with, the 
problem is compounded for timber 
framers because they frequently work 
with green (unseasoned) timbers due 
to the cost and difficulty of seasoning 
such large pieces. 

A timber frame is designed to 
minimize the cumulative effects of 
differential shrinkage by eliminating 
cross-grain wood from the _princi- 
pal lines of support. For example, 
columns are cut as a single piece run- 
ning the entire height of the build- 
ing, with the beams connected to the 
column by a mortise-and-tenon joint 
(Figure 25.10). The joints are also de- 
signed to minimize both the structur- 
al and the visual effects of shrinkage. 


BUILDING A TIMBER 
FRAME HOUSE 


The construction of a timber frame 
starts in the shop with the careful 
cutting and labeling of the timbers. 
These timbers are then transported 
to the site, where a foundation has 


been prepared. Some timber framers 
start by framing a timber floor that 
is connected directly to the founda- 
tion. In this case, the timbers are fit 
together until the floor structure has 
been completed and a deck is laid to 
make a subfloor. A timber-framed first 
floor will rarely, if ever, be seen and 
appreciated (from the underside) 
by the occupants of the house, so in 
many cases a less expensive, but equal- 
ly solid, conventionally framed floor is 
used as a starting point (Figure 25.12). 

With a level subfloor as a work- 
ing surface, the frames are assembled 
on top of one another in the reverse 
order of their eventual installation 
(Figure 25.13). The beams and knee 
braces that will run perpendicular 
to the frames are also assembled in 
order to preassemble as many com- 
ponents as possible for efficient use 
of the crane that will lift them into 
place. The crane is used in place of 
the traditional “barn raising” for 
reasons of safety and _ practicality. 
Once the principal parts of the frame 
are in place and temporarily braced, 
the smaller parts such as floor beams, 
rafters, and knee braces are installed 
to complete and stiffen the structure. 


SIP roof supported by 
timber frame 


SIP wall fastened to outside 
of timber frame 


Subfloor supported by 
timber frame or by joists 
bearing on timber frame 


SIP walls aligned with 
foundation walls 


Timber columns bear 
directly on foundation 


Standard floor framing 
at ground level is 
hidden beneath the 
floor 


Chapter 25 * Timber Frame Construction / 601 


FIGURE 25.12 

Typical timber frame construction. The 
ground floor can also be constructed 

as a concrete slab. Upper floors often 
incorporate extra layers of material for 
acoustic insulation or a secondary structure 
of joists that can house plumbing, ductwork, 
and other utilities. 
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(d) 


FIGURE 25.13 

Constructing a timber frame: 

(a) Each plane (bent) of columns, 
beams, rafters, and braces is assembled. 
(b) The completed bents are laid out on 
the floor, ready for raising. (c) Raising 
the bents, using a truck-mounted crane, 
and installing floor framing and roof 
purlins. (Courtesy of Benson Woodworking, 
Alstead, New Hampshire) 
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FIGURE 25.14 
The completed frame with the traditional roof tree in place at the peak of the gable. (Courtesy of Benson 


Woodworking, Alstead, New Hampshire) 


Structural insulated panels (SIPs) 
(see Chapter 27) are typically used 
to enclose both walls and roof (Fig- 
ure 25.15). The panels are screwed or 
nailed directly to the outside surfaces 
of the frame, where they form a con- 
tinuous, insulated enclosure as well 
as an air infiltration barrier. During 
dry weather, panels with gypsum wall- 
board adhered to the inside face can 
be used to save the chore of applying 
an interior finish to the perimeter 
walls and ceiling. For a less expensive 
enclosure system, studs with batt in- 
sulation and sheathing can be substi- 
tuted for insulated panels at the walls, 
and decking with rigid or batt insula- 
tion at the roof. Whichever system of 


enclosure is employed, interior par- be — { = 
tition walls are typically framed with ~ Pe ™~ ==—5 
2x 4 studs. : aye Ze ty m 


Timber frame houses present FIGURE 25.15 
certain challenges with respect to Enclosing the timber-framed house with sandwich panels consisting of waferboard 
planning for and installing the elec- _ faces bonded to an insulating foam core. The panels are attached to the outside face 
trical wiring, plumbing, and heating/ _ of the frame, providing insulation and enclosure while revealing the frame on the 
cooling ducts because the exterior _ inside. (Courtesy of Benson Woodworking, Alstead, New Hampshire) 
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walls, the exposed beam ceilings, and 
the roof are often without accessible 
cavities. Even the interior partition 
walls are typically sandwiched be- 
tween massive columns and beams, 
further complicating the running of 
wires, pipes, and ducts. All of these 
limitations on the installation of utili- 
ties point out the need for the detailed 
planning of these systems before con- 
struction begins (Figure 25.16). 

Most conflicts between utilities 
and the timber frame can be resolved 
by routing the utilities through floors 
that are relatively independent of the 
frame because they are located above 
it (Figure 25.17). Electrical wiring 
located at exterior walls can be run 
in chases that are cast into insulating FIGURE 25.16 


panels or applied to their interior Prewiring a timber frame house. Electric cables are placed in grooves routed into the 

surfaces (Figure 25.18). top faces of timbers. The cables will be protected with metal plates before they are 
covered with finish flooring. Cables are also routed into the outside faces of walls, 
where they will be concealed with insulating panels. (Courtesy of Benson Woodworking, 
Alstead, New Hampshire) 


FIGURE 25.17 

Open-web joists allow large utilities such as plumbing drains, 
heating ducts, and electrical cables to be run through the floor 
structure in either direction with relative ease. (Courtesy of 
Benson Woodworking, Alstead, New Hampshire) 


FIGURE 25.18 

These insulating panels have been custom-made to provide a 
chase at their base through which electrical wiring can be run. 
The chase will be covered with base trim containing electrical 
outlets. (Courtesy of Benson Woodworking, Alstead, New Hampshire) 
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FIGURE 25.19 
Architects Greene and Greene of Pasadena, California, were known for their houses that incorporated carefully 
wrought timber frame construction. This famous house was built for David B. Gamble in 1909. (Photo © Wayne Andrews) 


FIGURE 25.20 

This contemporary interpretation of 

the timber frame is made of laminated 
recycled redwood. Both contemporary 
and traditional timber frame components 
are often used in conjunction with other 
structural systems. (Architect: Arne Bystrom. 
Photo by Rob Thallon) 


606 / Part Four - Alternative Construction Systems 


FIGURE 25.21 

A view of the exposed timbers 
and connectors inside a dwelling 
in Sea Ranch Condominium #1. 
(Photo © Morley Baer) 


dM 


TIMBER FRAMING AND 
THE BUILDING CODES 


Timber frames are not described in 
the building code, so a structural 
engineer must analyze each timber 
frame building in order to obtain a 
building permit. Engineers do not 
have to start from scratch in this en- 
deavor because certified structural 
tests have been performed and their 
results published with tables of val- 
ues for all to use. A typical structural 
analysis of a timber frame structure 
includes a bent-by-bent computer ex- 
amination of the forces with an em- 
phasis on compression and tension at 
the braces. Wood-pinned joints in ten- 
sion are often the weakest part of the 
system, but can usually be reinforced 
with metal straps at the outside or top 
of the frame where they will be cov- 
ered with wall or roof panels. Uplift 
forces at the base of columns are fre- 
quently an issue also, and long drift 
pins or steel plate hold-downs set into 
the columns and anchored to the 
foundation are the typical resolution. 


BUILDING GREEN WITH 
HEAVY TIMBER 


In addition to the general issues of 
sustainability of wood production 
and use that were raised in Chapter 4, 
there are issues that pertain especially 
to heavy timber construction: 


e It is somewhat wasteful to use 
heavy timbers in a residence because 
most heavy timber frames are over- 
structured for aesthetic reasons. 


¢ Glue-laminated timbers and com- 
posite timbers use wood fiber much 
more efficiently than solid timbers. 


¢ Recycled timbers from demolished 
mills, factories, barns, and the bottoms 
of old millponds are often available. 
Most of these are from old-growth 
forests in which trees grew slowly, pro- 
ducing fine-grained, dense wood. As 
a result, many have structural prop- 
erties that are superior to those of 
new-growth timbers. Recycled timbers 
may be used as is, resurfaced to give 
them a new appearance, or resawn 
into smaller members. However, they 


often contain old metal fasteners. Un- 
less these are meticulously found and 
removed, they can damage saw blades 
and planer knives, causing expensive 
mill shutdowns while repairs are made. 


¢ When a heavy timber building is 
demolished, its timbers can be recy- 
cled, even if they were obtained origi- 
nally as recycled material. 


¢ Aheavy timber frame enclosed with 
a foam core sandwich or stressed-skin 
panels is relatively airtight and well 
insulated, with few thermal bridges. 
Heating and cooling of the building 
will consume relatively little energy. 


¢ The glues and finish coatings used 
with glue-laminated timbers may give 
off gases such as formaldehyde that 
can cause indoor air quality prob- 
lems. It is wise to determine in ad- 
vance what glues and coatings are to 
be used and to avoid ones that may 
cause these problems. 


061300 Heavy Timber 
Construction 

061323 Heavy Timber Framing 

061326 Heavy Timber Trusses 


SELECTED REFERENCES 


1. Benson, Tedd. The Timber-rame Home: 
Design, Construction, Finishing (2nd ed.). 
Newtown, CT: Taunton Press, 1997. 


A well-written and well-illustrated general 
description of timber frame construction 
by the acknowledged American master. 


Key TERMs AND CONCEPTS 


timber frame 

enclosure of the timber frame 
sources of timber 

timber frame joinery 


REVIEW QUESTIONS 


1. Why are the insulated enclosure walls for 
a modern timber frame structure generally 
located on the outside of the timber frame? 


2. What are the important factors in de- 
tailing the junction of a major beam with 


EXERCISES 


1. Find an illustration of a particular tim- 
ber frame connection and model it in 
wood. Make the model very large—half 
size or quarter size at the very least—and 
construct it of the same wood for which 
the connection is designed. 
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2. American Institute of Timber Construc- 
tion. Timber Construction Manual (5th ed.). 
Hoboken, NJ: John Wiley & Sons, 2005. 


This is a comprehensive design handbook 
for timber structures, including detailed 
engineering procedures as well as general 
information on wood and its fasteners. 


mortise and tenon 

knee brace 

effects of timber shrinkage 
differential shrinkage 


a column in a timber frame structure? 
Draw several ways of making this joint. 

3. Name several sources of quality timbers 
for timber frame buildings constructed 
today. 


2. Design and model a timber frame 
house at % inch to the foot or larger. Can 
you figure out how to run all the utilities? 


3. Find a barn or mill that was constructed 
in the 18th or 19th century and sketch 
some typical connection details. How is 


3. Goldstein, Eliot W. Timber Construc- 
tion for Architects and Builders. New York: 
McGraw-Hill, 1999. 


A comprehensive guide to planning, en- 
gineering, detailing, and construction of 
heavy timber frames. 


structural insulated panel (SIP) 
utilities in the timber frame 


4. What are the typical problems in rout- 
ing utilities through a timber frame struc- 
ture? How are these problems usually 
resolved? 


the structure stabilized against horizontal 
wind forces? 


4. Obtain a book on traditional Japanese 
construction from the library and com- 
pare Japanese timber joint details with 
18th- or 19th-century American practice. 


LIGHT- GAUGE 
STEEL 
CONSTRUCTION 


¢ Light-Gauge Steel Frame 
Construction 
Framing Procedures for 
Light-Gauge Steel 
Hybrid Uses of Light-Gauge Steel 


Advantages and Disadvantages of 
Light-Gauge Steel Framing 


Light-Gauge Steel Framing and 
the Building Codes 


¢ Building Green with Steel 
Framing 
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LIGHT-GAUGE STEEL 
FRAME CONSTRUCTION 


Light-gauge steel frame construction is 
the noncombustible equivalent of 
wood light frame construction. The ex- 
ternal dimensions of the standard sizes 
of lightgauge members correspond 
closely to the dimensions of the stan- 
dard sizes of 2-inch nominal (38-mm) 
framing lumber. These members are 
used in framing in much the same way 
as 2-inch wood members are used: as 
closely spaced studs, joists, and rafters. 
A light-gauge steel frame building may 
be sheathed, insulated, wired, and fin- 
ished inside and out in the same man- 
ner as a wood light frame building. 
The members used in light-gauge 
steel frame construction are manufac- 
tured by cold forming: Sheet steel is fed 
from continuous coils through ma- 
chines that fold it at room tempera- 
ture into long members whose shapes 
make them stiff and strong. The term 
“light gauge” refers to the relative 
thinness (gauge) of the steel sheet 
from which the members are made. 
For studs, joists, and rafters, the 
steel is formed into C-shaped (cee) sections 
that correspond to the 2 x 4 through 
2 x 12 members used in wood light 
frame construction. The cee sections 


FIGURE 26.1 


are designed to fit snugly inside chan- 
nel sections called tracks, which are 
used for top and bottom wall plates and 
rim and header joists (Figure 26.1). 
The webs of cee members are punched 
at the factory to provide holes at 2-foot 
(600-mm) intervals; these are designed 
to allow wiring, piping, and bracing to 
pass through studs and joists without 
the necessity of drilling or punching 
holes at the construction site. 

The strength and stiffness of a 
member depend on the shape and 
depth of the section and the gauge 
(thickness) of the steel sheet from 
which it is made. Studs in bearing 
walls, for instance, are usually made of 
18-gauge steel, while those in nonbear- 
ing partition walls range from 20-gauge 
to 25-gauge. The gauge of joists can be 
adjusted according to the span, saving 
money and material without having to 
alter the depth of the joists. The desig- 
nation of steel thickness is shifting from 
the old and confusing gauge system, in 
which increasing gauge numbers cor- 
respond to decreasing thickness, to 
a more logical system that describes 
thickness in terms of mils, which are 
thousandths of an inch (Figure 26.2). 

For large projects, members may 
be manufactured precisely to the re- 
quired lengths. Otherwise, they are 
furnished in standard lengths and are 


Typical residential light-gauge steel framing members. To the left are the 


common sizes of the cee section, which is used for studs and joists. To the right 


is track section, which is primarily used for plates, rim joists, and headers. The 


sections correspond to 2 xX 4 through 2 x 12 lumber sizes. 


cut to length on the construction site 
with power saws (Figure 26.3). A vari- 
ety of sheet metal angles, straps, plates, 
and miscellaneous shapes are manu- 
factured as accessories for light-gauge 
steel construction (Figure 26.4). 
Light-gauge steel members are 
usually joined with selfdrilling,  self- 
tapping screws, which drill their own 
holes and form helical threads in the 
holes as they are driven. Driven rapid- 
ly by handheld electric or pneumatic 
tools, these screws are plated with cad- 
mium or zinc to resist corrosion, and 
are available in an assortment of diam- 
eters and lengths to suit a full range 
of connection situations. Some jobs, 
such as fastening sheathing to fram- 
ing, are best done with pneumatically 
driven pins that penetrate the mem- 
bers and hold by friction. Welding is 
sometimes employed where particu- 
larly strong connections are needed. 


Framing Procedures 
for Light-Gauge Steel 


The sequence of construction for 
a building that is framed entirely 
with light-gauge steel members is es- 
sentially the same as that described 
in Chapters 9 and 10 for a building 
framed with nominal 2-inch wood 
members (Figure 26.5). Framing 


Thickness Corresponding 
(in mils) Gauge 
27 22 
33 20 
43 18 
54 16 
68 14 
FIGURE 26.2 


The thickness of light-gauge steel framing 
for years was described by the same gauge 
designation as is used for flashing and 
other thin metal work. Now the designation 
of thickness has been changed officially to 
mils, which are thousandths of an inch. The 
most common stud thicknesses are 43 mil 
for bearing walls and 33 mil for partition 
walls. One mil is equal to about 0.0254 mm. 
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FIGURE 26.3 

A power saw with an abrasive blade 
cuts quickly and precisely through steel 
framing members. (Courtesy of Unimast 
Incorporated—www.unimast.com) 


FIGURE 26.4 

Standard accessories for light-gauge 
steel framing: End clips are used to 
join members that meet at right angles. 
Foundation clips attach the ground-floor 
platform to anchor bolts embedded in 
the foundation. Joist hangers connect 
joists to headers and trimmers around 
openings. The web stiffener is a 
two-piece assembly that is inserted 
inside a joist and screwed to its vertical 
web to help transmit wall loads verti- 
cally through the joist. The remaining 
accessories are used for bracing. 
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Steel joist roof rafters 


End clip 
“ San Ridge beam— 
— nested steel joists 


a 


A Anchor ep SS 
q ie ai — Steel joist roof rafter 
— Steel joist soffit 
framing 
B EAVE A RIDGE 
Stud 
Track 


Continuous bead of oe 
adhesive eee f 


Track 
C JOIST BEARING AT UPPER FLOOR 


Track—fasten 
through plywood 
Into rim track 


Plywood subfloor oe 3 
Web stiffener a \ 


Steel joists 


Grout and shim as 
required 


Web stiffener 


Foundation clip Steel stud or beam 


D JOIs' T BEARING AT FOUNDATION E INTERIOR JOIST BEARING 


FIGURE 26.5 

Typical light-gauge framing details. Each detail is keyed by letter 
to a circle on the whole-building diagram in the center to show its 
location in the frame. (A) A pair of nested joists makes a boxlike 
ridge board or ridge beam. (B) Anchor clips are sandwiched 
between the ceiling joists and rafters to hold the roof framing 
down to the wall. (C) A web stiffener helps transmit vertical 
forces from each stud through the end of the joist to the stud 

in the floor below. Mastic adhesive cushions the joint between 
the subfloor and the steel framing. (D) Foundation clips anchor 
the entire frame to the foundation. (£) At interior joist bearings, 
joists are overlapped back to back and a web stiffener is inserted. 
(F, G) Short crosspieces brace the last joist at the end of the 
building and help transmit stud forces through to the wall below. 
(A) Like all these details, the gable end framing is directly 
analogous to the corresponding detail for a wood light frame 
building as shown in Chapters 9 and 10. 
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Ceiling joists 
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Steel stud 
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is usually constructed in platform 
fashion: The ground floor is framed 
with steel joists. Mastic adhesive is ap- 
plied to the upper edges of the joists. 
Wood panel subflooring is laid down 
and fastened to the upper flanges of 
the joists with screws. Steel studs are 
laid flat on the subfloor and joined to 
make wall frames. Because the studs 
must be screwed to the top and bot- 
tom tracks from both sides, the wall 
frames must be flipped over before 
they are sheathed. Once sheathed or 
crossbraced with steel straps, the first- 
floor walls are tilted up and screwed 
to the floor frame (Figures 26.6 and 
26.7). Next, the upper-floor platform 
is framed, then the upper-floor walls 
(Figure 26.8). Finally, the ceiling 
and roof are framed, all in much the 
same way as in a wood-framed house. 
Prefabricated trusses of light-gauge steel 
members that are screwed or welded 
together are often used to frame 
ceilings and roofs (Figures 26.9 and 
26.10). It is possible, in fact, to frame 
any building with light-gauge steel FIGURE 26.6 

members that can be framed with Diagonal strap braces stabilize upper-floor wall framing for an apartment building. 
nominal 2-inch wood members. (Courtesy of United States Gypsum Company) 


FIGURE 26.7 

Temporary braces support 
the walls at each level until the 
next floor platform has been 
completed. Small cold-rolled 
channels pass through the web 
openings of the studs; they 
are welded to each stud to 
help stabilize them against 
buckling. (Courtesy of Unimast 
Incorporated—www.unimast. 
com) 
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FIGURE 26.8 

Ceiling joists in place for an apartment 
building. A brick veneer cladding has 
already been added to the ground floor. 
(Courtesy of United States Gypsum Company) 


FIGURE 26.9 

A worker tightens the last screws to 
complete a connection in a light-gauge 
steel roof truss. The truss members are 
held in alignment during assembly by a 
simple jig made of plywood and blocks 
of framing lumber. (Courtesy of Unimast 
Incorporated—www.unimast.com) 
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FIGURE 26.10 
Installing steel roof trusses. (Courtesy of Unimast Incorporated—www.unimast.com) 


Opening 


Joist hanger 


Double joist header 
(nested) 


Steel joist framing into 
header 


Double joist trimmer 
(nested) 


FIGURE 26.11 

Headers and trimmers for floor openings 
are doubled and nested to create strong, 
stable box members. Only one vertical 
flange of the joist hanger is attached to 
the joist; the other flange would be used 
instead if the web of the joist were ori- 
ented to the left rather than the right. 


FIGURE 26.12 

A typical window or door head detail. 
The header is made of two joists placed 
with their open sides together. The top 
plate of the wall, which is a track, contin- 
ues over the top of the header. Another 
track is cut and folded at both ends to 
frame the top of the opening. Short 
studs are inserted between this track and 
the header to maintain the spacing of the 
studs in the wall. 


Openings in floors and walls are 
framed analogously to openings in 
wood light frame construction, with 
doubled members around each open- 
ing and strong headers over doors 
and windows (Figures 26.11 to 26.13). 
Joist hangers and nght-angle clips of 
sheet steel are used to join members 
around openings. Light-gauge mem- 
bers are designed to nest together to 
form a tubular configuration that is 
especially strong and stiff when used 
for a ridge board or header (Figures 
26.5a and 26.11). 

Because light steel members are 
much more prone than their wood 
counterparts to buckle or twist un- 
der load, they must often be stiffened 
at locations where loads are great, 
and somewhat more attention must 
be paid to their bracing and bridg- 
ing. In locations where large vertical 
forces must pass through floor joists 
(as occurs wherever loadbearing 
studs sit on a floor platform), steel 
web stiffeners (called bearing stiffeners 
in the code) are screwed to the webs 
of the joists to prevent the thin web 
from buckling (Figure 26.5C-E). If 
not sheathed with gypsum board 
on the inside and approved panel 
sheathing on the outside, studs must 
be braced horizontally at 4-foot (1200- 
mm) intervals, either with steel straps 
screwed to the flanges of the studs or 
with 1%-inch (38-mm) cold-formed 
steel channels passed through the 
punched openings in the studs and 
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Steel gusset plate 


Runner track 


¥ 
RG Lintel—two steel joists 
SS 
§ 
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g 
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g 


— Steel stud 


FIGURE 26.13 
Detail of a window header. Because a supporting stud has been inserted under the 


end of the header, a large gusset plate such as the one shown in Figure 26.12 is not 
required. (Courtesy of Unimast Incorporated—www.unimast.com) 
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FIGURE 26.14 

Detail of eave framing. 
(Courtesy of Unimast 
Incorporated—www.unimast.com) 


screwed to an angle clip at each stud 
(Figure 26.14). Floor joists are bridged 
with solid blocking between and steel 
straps screwed to their top and bot- 
tom edges. Wall bracing consists of 
plywood or oriented strand board 
(OSB) panels or diagonal steel straps 
screwed to the studs (Figure 26.6). 
Permanent resistance to buckling, 
twisting, and lateral loads such as 
wind and earthquake is imparted 
largely and very effectively by sub- 
flooring, wall sheathing, and interior 
finish materials. 


Hybrid Uses of 
Light-Gauge Steel 


In _ residential construction, light- 
gauge steel and wood light framing are 
sometimes mixed in the same build- 
ing. Some builders find it economical 
to use wood to frame exterior walls, 
floors, and roof, with steel framing 
for interior partitions. Sometimes all 
walls, interior and exterior, are framed 
with steel, and floors are framed with 
wood. Steel trusses made of light- 
gauge members may be applied over 


i Ja 


wood frame walls. In such mixed uses, 
special care must be taken in the de- 
tails to ensure that wood shrinkage 
will not create unforeseen stresses or 
damage to finish materials. 

In wood-framed dwellings, there 
are locations around fireplaces and 
flues where clearance to combustible 
framing is required by code. In these 
situations, the substitution of light- 
gauge steel for wood framing mem- 
bers can allow the finish materials to 
be applied adjacent to the flue with- 
out compromise. 


Advantages and 
Disadvantages of Light- 
Gauge Steel Framing 


Light-gauge steel framing shares 
most of the advantages of wood light 
framing: It is versatile and flexible; re- 
quires only simple, inexpensive tools; 
furnishes internal cavities for utilities 
and thermal insulation; and accepts 
an extremely wide range of exterior 
and interior finish materials. Addi- 
tionally, steel framing may be used in 
buildings for which noncombustible 


construction is required by code, 
thus extending its use to larger build- 
ings and to those whose uses require 
a higher degree of resistance to fire. 
Steel framing members are signifi- 
cantly lighter than the wood members 
to which they are structurally equiva- 
lent, an advantage that is often en- 
hanced by spacing steel studs, joists, 
and rafters at 24 inches o.c. (600 mm) 
rather than 16 inches (400 mm). 
Light-gauge steel joists and rafters can 
span slightly longer distances than 
nominal 2-inch wood members of the 
same depth. Steel members tend to 
be straighter and more uniform than 
wood members, and they are much 
more stable dimensionally because 
they are unaffected by changing hu- 
midity. Although they may corrode if 
exposed to moisture over an extended 
period of time, particularly in ocean- 
front locations, steel framing mem- 
bers cannot fall victim to termites or 
decay. Prices of steel framing mem- 
bers are relatively stable, while the 
price of wood, which is an agricultural 
commodity subject to fluctuations in 
supply, often varies over a wide range 
with changing market conditions. 


FIGURE 26.15 

Detail of wall and floor framing at the 
foundation with thermal insulation. 
Rigid insulation is typically affixed to the 
exterior of the light-gauge steel frame to 
stem the flow of heat through the steel. 
Depending on lateral bracing and siding, 
a layer of sheathing may be introduced 
at the outside or inside face of the rigid 
insulation. 


FIGURE 26.16 
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The thermal conductivity of 
light-gauge steel framing members 
is much higher than that of wood. 
In cold climates, steel framing mem- 
bers, unless detailed with thermal 
breaks such as foam plastic sheath- 
ing or insulating edge spacers be- 
tween studs and sheathing, conduct 
heat rapidly enough to reduce sub- 
stantially the thermal performance 
of a wall or roof. This can result in 
excessive energy loss and moisture 
condensation on interior building 
surfaces, with attendant mold and 
mildew growth and discoloration 
of surface finishes. A layer of rigid 
insulation must be added to the 
assembly in most climates to stem 
the flow of heat through the steel 
members (Figure 26.15). Special 
attention must be given to design- 
ing details to block excessive heat 
flow in every area of the frame. At 
the eave of a steel-framed house, 


Trvits 


for instance, the ceiling joists read- 
ily conduct heat from the warm in- 
terior ceiling along their lengths to 
the cold eave unless insulating edge 
spacers or foam insulation boards 
are used between the ceiling finish 
material and the joists. 

Light-gauge steel framing takes 
longer than framing in wood for the 
following reasons: (1) Even though 
screws are installed with power screw- 
drivers, each screw takes longer to 
install than does a nail into wood. 
(2) There are more screws to install 
because more angles and clips are re- 
quired. (3) Walls must be flipped over 
before they are sheathed. (4) Web 
stiffeners must be installed in the 
floor joists beneath each bearing wall. 
This extra framing labor usually more 
than offsets the slight material savings 
with steel and results in a frame that 
is more expensive overall than a com- 
parable wood light frame. 


Waferboard sheathes the walls of a house framed with light-gauge steel studs, joists, and rafters. 
(Courtesy of Unimast Incorporated—www.unimast.com) 
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Workers at the job site complain 
that light-gauge steel framing is noisy 
and creates far more glare than wood 
framing. Steel framing can also be 
difficult to handle because it can be- 
come extremely hot or cold, depend- 
ing on the weather. On the positive 
side, framers like steel because of its 
precision and because mistakes can 
be easily corrected by unscrewing a 
piece and screwing it back in the cor- 
rect location. 

Any exterior or interior finish 
material that is used in wood light 
frame construction may be applied 
to a light-gauge steel frame. Whereas 
finish materials are most often fas- 
tened to a wood frame with nails, 
screws must be used instead with a 
steel frame. Wood trim components 
are applied with special finish screws 
that have very small heads; these are 
analogous to finish nails. 


Light-Gauge Steel Framing 
and the Building Codes 


The International Residential Code 
(IRC) has adopted prescriptive re- 
quirements for framing light-gauge 
steel one- and two-family dwellings. 
This code, with its structural tables 
and standard details, allows for the 
design and construction of steel- 
framed houses without the need to 
employ an engineer or architect, just 
as with wood light frame construction 
(Figure 26.17). 


BUILDING GREEN WITH 
STEEL FRAMING 


e The raw materials for steel are iron 
ore, coal, limestone, air, and water. Iron 
ore, coal, and limestone are minerals 
whose mining and quarrying cause 
disruption of land and loss of wildlife 
habitat, often coupled with pollution 
of streams and rivers. Coal, limestone, 
and low-grade iron ore are _plenti- 
ful, but high-grade iron ore has been 
depleted in many areas of the earth. 
Sources of some alloying metals, such 


Allowable Spans for Cold-Formed Steel Joists?” 


30-psf Live Load 40-psf Live Load 
Spacing (inches) Spacing (inches) 
Nominal Joist Size 16 24 16 24 

550S162-33 10-7" g'-1" g'-7" 8'-1" 
550S162-43 11'-6" 10'-0" 10'-5" g'-1" 
550S162-54 12'-4" 10'-9" 11-2" 9'-9" 
5505162-68 13'-2" 11'-6" 12'-0" 10'-6" 
800S162-33 13'-3" 8'-10" 10'-7" 7-1" 
800S162-43 15'-6" 13'-7" 14-1" 12'-3" 
800S162-54 16'-8" 14-7" 15'-2" 13'-3" 
800S162-68 17'-11" 15'-7" 16'-3" 14'-2" 
1000S162-43 18'-8" 15'-3" 16'-8" 13'-1" 
1000S162-54 20'-1" 17'-6" 18'-3" 15'-11" 
1000S162-68 21'-6" 18'-10" 19'-7" 17-1" 
1200S162-43 20'-3" 14-1" 16'-10" 11'-3" 
1200S162-54 23'-4" 19'-7" 21'-3" 17-6" 
1200S162-68 25'-1" 21"-11" 22'-10" 19'-11" 


For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 pound per square foot = 0.0479 KN/m?. 
*Deflection criteria: L/480 for live loads, L/360 for total loads. 


Floor dead load = 10 psf. 


FIGURE 26.17 


A prescriptive table from the IRC. The nominal joist size 550S162-33 corresponds to a 
5.5-inch-tall by 1.62-inch-wide member in 20-gauge steel, which approximates the size 


of a 2 x 6 wood member. See Figure 26.2 for other gauge designations. 


as manganese, chromium, and nickel, 
are becoming depleted. 


e The manufacture of a ton of steel 
from iron ore by the basic oxygen pro- 
cess consumes 3170 pounds of ore, 300 
pounds of limestone, 900 pounds of 
coke (made from coal), 80 pounds of 
oxygen, and 2575 pounds of air. In the 
process, 4550 pounds of gaseous emis- 
sions are given off, and 600 pounds of 
slag and 50 pounds of dust are gener- 
ated. Further emissions emanate from 
the process of converting coal to coke. 
The steel industry has worked hard to 
reduce pollution of air, water, and soil, 
but much work remains to be done. 


e The embodied energy of steel pro- 
duced from ore is about 19,200 Btu/ 
pound. Most steel used in construc- 
tion in North America is made from 
recycled scrap; its embodied energy 
is only about 39 percent that of steel 
made from ore. 


e Eighty-three percent of all steel is 
eventually recycled, which is a very 
high rate. In a recent 10-year period, 
1.2 trillion tons of steel were recycled 
worldwide. When a steel building 
frame is demolished, its material can 
be recycled. Steel scrap from the con- 
struction site can also be recycled. 


e If protected from water and fire, 
steel framing will last for many gener- 
ations with little or no maintenance. 


¢ Steel framing members in build- 
ing walls and roofs should be ther- 
mally broken or insulated in such a 
way that they do not conduct heat 
between indoors and outdoors. The 
eave of a sloping roof requires special 
attention to avoid thermal bridging. 


¢ Steel seldom causes indoor air 
quality problems, although surface 
oils and protective coatings some- 
times outgas and cause occupant dis- 
comfort. 


C.S.1./C.S.C. 


MasterFormat Section Numbers for 
Light-Gauge Steel Construction 


05 40 00 


05 41 00 
05 42 00 
05 44 00 
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This is an engineering reference work 
that contains structural design tables and 
procedures for light-gauge steel framing. 


Key TERMs AND CONCEPTS 


light-gauge steel frame 
cold-formed steel 
C-shaped (cee) section 
track 

gauge 

mil 


REVIEW QUESTIONS 


1. How are light-gauge steel framing 
members manufactured? 


2. How do the details of a house framed 
with light-gauge steel members differ 
from those of a similar house with wood 
platform framing? 


EXERCISES 


1. Convert a set of details for a wood light 
frame house to light-gauge steel framing. 


2. Visit a construction site where light- 
gauge steel studs are being installed. 
Grasp the middle of an installed stud 
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COLD-FORMED METAL FRAMING 


Structural Metal Stud Framing 
Cold-Formed Metal Joist Framing 
Cold-Formed Metal Trusses 


2. Scharpf, Robert. Residential Steel Framing 
Handbook. New York: McGraw-Hill, 1996. 
The light-gauge steel equivalent of a 
wood framing manual. Material selection, 
tools, framing techniques, and attaching 
exterior and interior finish materials are 
discussed. 


self drilling, selftapping screw 
pneumatically driven pin 
light-gauge steel truss 
right-angle clip 

web stiffener 


3. What special precautions should be taken 
when detailing a steel-framed building to 
avoid excessive conduction of heat through 
the framing members? 

4. What is the advantage of a prescriptive 
building code for light-gauge steel framing? 


that has not yet been sheathed and twist 
it clockwise and counterclockwise. How 
resistant is the stud to twisting? How is 
this resistance increased as the building 
is completed? 


bearing stiffener 

horizontal steel stud bracing 

steel floor joist bridging 

hybrid uses of light-gauge steel 
thermal insulation of light-gauge steel 


5. Compare the advantages and disadvan- 
tages of wood light frame construction 
and light-gauge steel frame construction. 


3. On this same construction site, make 
sketches showing how electrical wiring, 
electric fixture boxes, and pipes are in- 
stalled in metal framing. 


¢ The Concept of 
Panelized Construction 


¢ Types of Panels 
Framed Panels 


Structural Insulated Panels 


e Framed Panel Systems 


PANELIZED 
CONSTRUCTION 


e Structural Insulated Panels 
Today’s Insulated Panels 


Performance of Structural 
Insulated Panel Systems 


Building with Structural 
Insulated Panels 
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THE CONCEPT 

OF PANELIZED Our Honor Bilt Ready Cut System 
CONSTRUCTION a aes ure Way to Reduce \—— 
Panelized construction is almost as old Al (, Building Costs IN 


as the wood light frame itself. At 
tempts to establish panelized housing 
businesses as early as the 1890s fo- 
cused on the logic of building in the 
controlled environment of a factory. 
Panels could be built year-round free 
from the effects of the weather, and 
all parts of the house could be built 
on the ground without scaffolding. 
Although based on sound logic, early 
attempts at panelization met with 
limited success because transporta- 
tion of finished panels to the site was 
difficult, and erection of the heavy 
panels above the first-floor level was 
awkward and dangerous. 

In the early years of the 20th cen- 
tury, some companies capitalized on 
the benefits of factory manufacture 
without the troubles associated with 
large, cumbersome panels by offer- 
ing complete house kits that were 
made up not of panels, but of indi- 
vidual pieces that were precut but 
unassembled. The most successful of 
these was Sears, Roebuck and Com- 
pany, which sold more than 100,000 
house kits between 1916 and 1933. 
The Sears kits included everything 
required to build a house down to 
sufficient paint for three coats, and 
each piece was labeled with instruc- 
tions for easy assembly (Figure 27.1). 

Since the era of the kit houses, 
lighter-weight materials and the pro- 
liferation of small cranes and boom 
trucks have allowed panelizing com- 
panies to build larger and larger 
sections of houses in their factories. 
Today, there are 8-foot-tall by 8-foot- 
long panels (2.4 x 2.4 m) that can be 
easily carried by two men, and pan- 
els as long as 40 feet (12 m) or more 
that can be quickly set in place high 
on a building with a small crane (Fig- | FIGURE 27.1 
ure 27.2). The National Association Sears, Roebuck and Company was the most successful of several companies offering 
of Home Builders (NAHB) reports _ kit houses early in the 20th century. All parts of an entire house were precut and 
that panelization is currently the labeled for “easy” assembly. (Photo from page 9 of the 1926 Book of Modern Homes, 
fastest-growing segment of the hous- __ reprinted by arrangement with Sears, Roebuck and Co, and is protected under copyright. No 
ing industry. Panel manufacturers — duplication permitted) 
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FRAMED PANEL INSULATED PANEL 


FIGURE 27.3 

Two types of prefabricated panels. The framed panel is identical to a segment of a 
conventionally framed wall, floor, or roof. The facings on the insulated panel are ad- 
hesive bonded to a core of insulating foam to form a structural unit in which the fac- 
ings carry the major stresses. Framed panels can be further completed at the factory 
by adding wiring, plumbing, thermal insulation, and interior finish, but this is unusual. 


FIGURE 27.2 

Versatile portable cranes and other hoisting 
machinery have allowed manufacturers 

to produce large sections of houses in the 
factory because these sections can now 

be easily assembled at the site. (Courtesy of 
Thermal Shell Homes, Houston, Texas) 


cite as benefits of their systems the 
efficiency and increased quality con- 
trol of factory production as well as 
a shorter on-site construction sched- 
ule. The time saved at the site can 
translate into lower financing costs 
for the owner and/or more profit for 
the builder, who can produce more 
houses in a given year with the same 
amount of labor. 


TYPES OF PANELS 


Fundamentally, two types of panels are 
currently being produced: framed pan- 
els, which are based on the standard ma- 
terials and details of wood light frame 
construction, and _ structural insulated 
panels (SIPs), which employ rigid insu- 
lation in conjunction with lightweight 
structural elements (Figure 27.3). 


Framed Panels 


Framed panels range from the sim- 
plest assemblies of structural framing 
and sheathing to fully finished panels 
containing insulation, wiring, plumb- 
ing, and both exterior and interior 
finishes. Framed panels are generally 
organized into two categories: open 
panels and closed panels. Open panels 
are essentially prefabricated sections 
of walls and (occasionally) floors and 
roofs with open cavities between the 
studs (and joists). Open panels may 
be finished on the exterior, but at the 
time they are incorporated into the 
shell of a house, they lack insulation, 
wiring, and interior finishes. 

More complete closed panels in- 
clude wiring, plumbing, insulation 
(usually glass fiber batts), a vapor re- 
tarder, and interior finishes. The pro- 
duction of closed panels is limited, 


626 / Part Four ° Alternative Construction Systems 


FIGURE 27.4 

Insulated panels are typically used only 
at the exterior surfaces of the building— 
the walls, the roof, and sometimes the 
first floor. Interior walls and upper floors 
are typically framed conventionally. 


however, because trade organizations 
have been successful in persuading 
code enforcement agencies not to 
grant manufacturing approval for 
custom designs. With closed panels, 
there are also thorny problems of 
joinery and difficulties in inclement 
weather of transporting and assem- 
bling panels with interior finishes. 


Structural Insulated Panels 


Structural insulated panels (SIPs) are 
made of rigid insulation adhered in a 
factory to structural elements that work 
in concert with the insulation to pro- 
vide the stiffness and strength required 
for use in bearing walls and roof as- 
semblies. SIPs are typically used for the 
construction of exterior walls, roofs, 
and ground floors, while upper floors 
and interior walls are constructed 
with standard framing (Figure 27.4). 
Where SIPs are used for roofs, they 
are typically employed only for vaulted 
ceilings where the ceiling follows the 
slope of the roof. For the more com- 
mon flat ceiling assemblies, insulated 
panels cannot compete economically 
with raised-heel trusses combined with 
fiberglass batt or fill-type insulation. 
This strategy recognizes that the pan- 
els are expensive and should therefore 
be used only at the exterior shell of the 
building where insulation is needed. 
Standard framing at the interior of the 
building provides wall and floor cavi- 
ties in which electrical, plumbing, and 
heating systems can be easily installed. 


FRAMED PANEL SYSTEMS 


Open panels are noninsulated sec- 
tions of a framed building that are 
manufactured in a factory and joined 
at the site. The panels are made 
with the same framing members, 


Insulated panels 


Conventional 
framing 


sheathing, and finish materials as 
standard wood light frame construc- 
tion, and are joined to one another 
at the edges (Figure 27.5). Most 
open-panel manufacturers produce 
only walls, but some panelize floors 
as well. Roofs are not typically made 
of open panels because time saving 
at the site is minimal, and the panels 
cannot compete economically with 
trusses or rafters. In order to avoid 
the problems associated with two 
separate framing contractors, panel 
manufacturers often train their crews 
both to set panels and to do conven- 
tional framing. 

The first modern structural pan- 
els were built in 1935 by the Forest 
Products Laboratory of the USS. 
Department of Agriculture (USDA) 
(Figure 27.6). The panels were made 


of two sheets of plywood spaced apart 
and held rigid by 1 x 3 members. 
Three houses were constructed in 
which these uninsulated panels were 
used for both walls and roof. The 
design of these houses depended 
strongly on the module of the ply- 
wood sheets, and the placement and 
sizes of windows and doors were co- 
ordinated with the panel dimensions. 

Today, uninsulated panels are 
made with sheathing on the exterior 
side only in order to allow the installa- 
tion of electrical wiring, plumbing, and 
insulation from the inside of the house. 
The framing members and sheathing 
are typically the same as for standard 
construction—2 x 4 or 2 x 6 studs, for 
example, with “inch (12-mm) sheath- 
ing. Wall panels typically have windows 
and doors installed at the factory. 
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FIGURE 27.5 

Open panels are used for 
both exterior and interior 
walls because they do not con- 
tain insulation. Exterior walls 
are typically installed first, 
using the open subfloor as a 
stage. The installed exterior 
walls will help to brace the 
interior walls. (Courtesy of 

Soft Tech Building Systems, 
Springfield, Oregon) 


FIGURE 27.6 
A prefabricated panel house developed in 1937 by the Forest Products Laboratory. (Courtesy of USDA, Forest Products Laboratory) 
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FIGURE 27.7 

Open panels with exterior finish completed except for corner boards and bottom 
courses of siding. Windows and siding are often installed on open panels in the 
factory. (Courtesy of Soft Tech Building Systems, Springfield, Oregon) 


Interior walls are framed but not 
sheathed, so they are fitted with tem- 
porary diagonal braces to keep them 
square during transit. This level of com- 
pletion of open panels corresponds to 
the rough framing of a conventionally 
framed residence, which, once the roof 
has been framed and dried in, allows 
crews to work simultaneously on the ex- 
terior and interior of the building. 
Wall panels are often finished 
as completely as possible on the 
outside with siding, trim, and paint 
(Figure 27.7). This strategy takes ad- 
vantage of the controlled environ- 
ment of the factory for this work and 
yields a larger profit to the manufac- 
turer. Panels finished on the exterior 
usually require additional exterior fin- 
ish work (about 10 to 20 percent of the 
work) to be done at the site. This work 
entails the completion of siding and 
trim at the joints between and at the 


FIGURE 27.8 
If they have windows and/or siding installed, exterior wall panels travel best in the vertical position because the window seals do 


not tend to break down and the siding is less likely to get scuffed. Interior wall panels may be transported flat and usually have 
temporary bracing since they do not have sheathing. (Courtesy of Soft Tech Building Systems, Springfield, Oregon) 


edges of panels. Although finishing 
the exterior of panels in the factory 
is an advantage to the manufacturer, 
no time is saved at the job site by this 
practice because the exterior of the 
house can be finished simultaneously 
with the work that must be completed 
inside the house in any case. 

With panelized systems, con- 
struction of the building shell at 
the site takes just a few days. The 
foundation will have been prepared 
in advance so that it is ready for the 
installation of the floor panels. The 
panels are organized on the deliv- 
ery truck to facilitate their instal- 
lation by the boom or small crane 
that arrives with them. If there are 
floor panels to span over a base- 
ment, these are fastened to a mud- 
sill and strapped to the foundation 
in a way similar to that by which 
joists are connected in a conven- 
tionally framed building. Wall pan- 
els are nailed through their bottom 
plate to the subfloor and their studs 
are strapped to the foundation, 
also as in conventional framing 
(Figure 27.9). When the first-floor 
walls are all in place, they are tied 
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FIGURE 27.9 

Open panels are secured 

to the floor and to one 
another in the same fashion 
as stick frame components. 
Note the bottom plate, 

the double top plate, and 
the standard framing for 
structural headers. (Courtesy 
of Soft Tech Building Systems, 
Springfield, Oregon) 


FIGURE 27.10 

Upper floors can be made 
of open panels when spans 
do not exceed the limits of 
what can be transported. 
Accessibility of the joist 
spaces from the underside 
allows plumbing, electrical 
wiring, and other utilities 
to be installed the same as 
in a conventionally framed 
house. (Photo by Rob Thallon) 


630 / Part Four - Alternative Construction Systems 


together with a second top plate, 
and the roof or upper floor is built 
on top of this. When the shell has 
been completed, the only signifi- 
cant difference between a panelized 
house and a conventionally framed 
one is that there are double framing 
members at the edges of joined pan- 
els of the panelized house. 

Design limitations of open pan- 
els are related principally to shipping 
constraints and crane scheduling. 
According to panel manufacturers, 
the most practical house for their 
product is a single-story house with a 
hip roof. Wall panels can be as long 
as the truck used to transport them, 
but wall height is effectively limited 
to 10 feet (3 m) because walls must 
be shipped vertically to avoid break- 
ing the seals on windows. This means 
that gable end walls or walls for rooms 
with vaulted ceilings must be made 
in two sections. A two-story house in 
a region where floor panelization is 
not practical will require two visits 
by the crane to place the panelized 
walls—one visit for the first floor, 
and one for the second. Because the 
crane rental company charges sub- 
stantial fees for travel to and from 
the site and for setup once it arrives, 
the double scheduling of a crane 
can make panelization economically 
unfeasible. 


STRUCTURAL 
INSULATED PANELS 


In 1952, rigid insulation was intro- 
duced to panelized construction by 
the architect Alden B. Dow, who de- 
signed panels made of 1%inch-thick 
(4l-mm) polystyrene with /-inch 
(6.4mm) plywood glued to each side 
(Figure 27.12). In Dow’s system, studs 
and rafters were eliminated because 
the insulation aligned the two sheets 
of plywood in parallel planes to cre- 
ate a stiff assemblage that behaved 
structurally much like a steel I-beam. 
Lumber was used only at the edges 
of panels, which were joined to con- 
struct the walls and roofs of three 
experimental houses. One of these 
houses withstood the impact of a run- 
away car that went through the build- 
ing and only damaged four panels— 
two on each side of the house. 
Because of their composition 
and their structural behavior, these 
panels were called sandwich panels or 
stressed-skin panels. The first serious 
attempt to mass-produce them was 
undertaken in 1959 by the Koppers 
Company, which produced enough 
panels to manufacture about 800 
houses in 2 years. This endeavor ulti- 
mately failed because of slow produc- 
tion of the panels; low energy costs, 
which meant that consumers saw little 


FIGURE 27.11 

When completed, an open-panel house is 
indistinguishable from a conventionally 
framed house. This is the house shown 
in Figures 27.7, 27.8, and 27.9. (Courtesy 
of Soft Tech Building Systems, Springfield, 
Oregon) 


need for insulation; and some resis- 
tance from carpenters’ unions that 
saw their jobs threatened. It took the 
energy crisis of 1973 to rekindle sig- 
nificant interest in insulated panels, 
and in the 1970s and 1980s, a number 
of panel companies were successfully 
established. Today, there are over 50 
companies in North America that 
manufacture insulated panels, and it 
is estimated that the products of these 
companies are incorporated into the 
construction of between | and 2 per- 
cent of the houses built each year. 


Today’s Insulated Panels 


The insulated panels marketed today 
have a wide variety of designs that rely 
on a number of different strategies 
for their structural stability. Most have 
an oriented strand board (OSB) skin 
adhered to either side of a 34inch 
foam core of expanded polystyrene 
(EPS) or extruded polystyrene (XPS). 
These “skinned” panels perform 
structurally in the same way as Dow’s 
experimental panels 50 years earlier 
(Figure 27.14). Other panels do not 
have a structural skin but rather rely 
on spaced wood or metal members 
that are integrated with the rigid 
foam (Figure 27.15). Because of these 
differences, insulated panels are now 
referred to collectively as “structural 
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FIGURE 27.12 
The application of phenolic glue to the facing of Alden B. Dow’s 1952 experimental polystyrene foam core panels. The panels were 
clamped in the press in the background. (Photograph courtesy of the Alden B. Dow Archives) 


FIGURE 27.13 
SIP production 
has become so 
automated since 
Alden Dow’s time 
that scarcely a 
person is required 
on the floor of this 
high-volume plant. 
(Courtesy of Winter 
Panel Corporation) 
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insulated panels (SIPs)” rather than 
“stressed-skin panels.” 

Compared with standard fram- 
ing, SIP construction makes a supe- 
rior thermal envelope and is faster 
to erect. However, the integration 
of electrical, plumbing, and heating 
systems is more complicated and less 
flexible because there are no open 
cavities in exterior walls in which 
to place wires, pipes, or ducts. The 
cost of the panels and the embod- 
ied energy in SIP construction are 
both generally higher than in stan- 
dard construction, but life-cycle cost 
analysis typically shows that the initial 
investment can be recovered within 
10 years through reduced heating 
and/or cooling bills. 

SIP systems are faster to erect than 
standard framing because the panels 
are large (4 x 8 feet to 28 x 8 feet) and 
save most of the site labor it would 
take to construct a framed wall or roof 
section of comparable size. Panels are 
typically lifted into place with a small 
crane, and workers need only connect 
the panels to the foundation and to 
each other (Figure 27.16). The labor 
required to install insulation in a con- 
ventionally framed building is also 
saved with a SIP system. 

The plumbing and heating sys- 
tems in a SIP house can be located in 
conventionally framed interior walls, 
thus avoiding conflicts with insulated 
panels (Figure 27.17). Electrical 
outlets are always required in exte- 
rior walls, however, and usually some 
switches and light fixtures are needed 
as well, so panel manufacturers typi- 
cally create l-inch-diameter (25-mm) 
horizontal chases through wall pan- 
els. Some manufacturers locate verti- 
cal chases at panel ends as well. The 
various chases can be used by electri- 
cians to pull electrical cables through, 
much as they do through metallic or 
plastic conduit in commercial build- 
ings. Boxes for receptacles and other 
electrical devices are cut into the in- 
side face of the panel opposite the 
chases. This system allows for run- 
ning electrical wires in exterior walls, 
but it is not as flexible as a standard 


FIGURE 27.14 
SIPs are considerably stronger than conventional 2x framing of equal dimension, but 


manufacturers and builders must sometimes resort to stunts to convince skeptical 
consumers of their strength. (Courtesy of Fischer SIPS, Louisville, Kentucky) 
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FIGURE 27.15 
Some SIPs do not have a stressed skin but rely on other means for structural strength 


and stiffness. These panels, shown here in perspective as seen from the top, can be 
used for walls only. (Courtesy of NASCOR, Incorporated, Calgary, Alberta, Canada) 
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FIGURE 27.16 
With a crane to lift the panels into place, the construction of a SIP residential shell, 


even one as large as this multifamily building, can usually be completed within 2 or 
3 days. (Courtesy of NASCOR, Incorporated, Calgary, Alberta, Canada) 


FIGURE 27.17 
Utilities in SIP houses are located within the cavities of conventionally framed interior walls 


whenever possible. In this house, plumbing for a sink is attached to the interior face of a 
SIP wall where it will later be covered by a cabinet. (Courtesy of Energy Studies in Buildings 
Laboratory, Center for Housing Innovation, Department of Architecture, University of Oregon) 


framed wall (or ceiling) and requires 
somewhat more time for the electri- 
cian. Plumbing and heating can be 
installed on the (inside) surface of 
exterior walls when required, but the 
pipes and ducts must be covered for 
appearance and are usually unsightly 
even then. 


Performance of Structural 
Insulated Panel Systems 


Marketing for SIP systems stresses 
their performance compared to that 
of standard framing. Potential cus- 
tomers are told that SIP systems are 
stronger, more energy efficient, and 
more environmentally responsible. 
Building scientists have studied all of 
these issues and have accumulated 
much data, but their work is compli- 
cated by differences in manufactur- 
ing and construction techniques, and 
as with all scientific work, preliminary 
results lead to more questions. 


Structural Performance 

SIPs satisfy the structural codes in a 
number of ways. Some rely almost 
entirely on an OSB skin that is lami- 
nated to the rigid insulation for struc- 
tural integrity, while others have no 
skin and the edges of panels work 
collectively as a post-and-beam struc- 
ture, with the rigid insulation acting 
as diagonal bracing. In general, SIPs 
are stronger than standard framing, 
but there are isolated instances of de- 
lamination of facing from the foam 
plastic core that have led to structural 
failure. There have also been some 
reports of sagging in SIP roofs due 
to creep of the foam core, which is the 
long-term deformation of materials 
subjected to constant load. This is- 
sue is still being studied. To combat 
anxiety about panel failure, most SIP 
companies offer limited lifetime war- 
ranties on their products. With only 
30 to 40 years of experience with 
SIPs in the field, however, a “lifetime” 
warranty is difficult to evaluate when 
compared with the lifetime of historic 
conventionally framed houses. 
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FIGURE 27.18 
Violent winds toppled five 80-foot-tall hardwood trees onto this house built with SIP panels. The trees had 12- to 16-inch-diameter 
trunks and weighed up to 5000 pounds, but the house sustained no structural damage, and there was no cracking of drywall, 
wracking of windows, or separation of panels. Only siding and shingles needed to be repaired. (House built in 1995 in Coopersville, 


Michigan, by Controlled Environment Structures) 


Energy Performance 

A number of research reports indicate 
that houses built with SIP construction 
use less energy for heating and cool- 
ing than comparable wood light frame 
houses. In a comparison of 6-inch walls, 
the standard (XPS) SIP wall has an 
overall R-value of 21.6, whereas a wood 
stud wall has an overall value of 13.7. 
There are a number of reasons for the 
superior performance of the SIP wall: 


1. The rigid insulation performs sub- 
stantially better than fiberglass batts. 
XPS has an R-value approximately 20 
percent higher than that of fiberglass 
batts. 


2. There are fewer framing members 
in SIP walls to act as thermal bridging 
that conducts heat rapidly through 
the wall. 


3. There are virtually no voids within 
a SIP wall. 


4. The SIP panels, when installed 
carefully, create a more nearly air- 
tight envelope than standard framing 
and thus reduce infiltration. 


A detailed side-by-side compari- 
son by the Florida Solar Energy Cen- 
ter of two otherwise identical houses, 
one built with SIPs and the other with 
conventional framing, showed that 
the SIP house was 38 percent tighter 
and reduced heating and cooling 
costs by 14 to 20 percent. Other side- 
by-side analyses have shown similar or 
more dramatic results. 


Environmental Performance 

Studies have shown that typical SIP 
houses use considerably less framing 
lumber and slightly less wood fiber 
overall than conventionally framed 
houses. The differences have to do with 
the substitution by SIP houses of interi- 
or OSB for studs and the reduction of 


wood waste by SIP systems. Proponents 
of SIPs point out that the use of less 
framing lumber is significant in itself 
because lumber is typically manufac- 
tured from high-grade trees, while en- 
gineered OSB panels are made from 
waste wood products. 

Because about 50 percent of the 
waste generated from the construc- 
tion of a conventionally framed house 
consists of wood products, SIP houses 
have an advantage over conventional 
framing in this area. Construction 
waste volume differences depend 
more on management and house 
design than on the construction sys- 
tem, however, and SIP components 
are subject to rigid foam board waste 
both in the factory and at the site, so 
no clear advantage can be given to SIP 
houses for reduction of overall waste 
stream volume. Both wood scraps and 
polystyrene can be recycled. 


As for embodied energy, SIP 
systems require three to five times 
as much energy to produce as the 
components for standard framing 
with comparable insulation, but it is 
estimated that the initial energy in- 
vestment in a SIP house should be re- 
claimed within a decade from saved 
heating and cooling energy. 


Fire Resistance 

Flame spread and smoke tests indi- 
cate that, overall, houses built with 
sandwich panels appear to be more 
resistant to fire than conventionally 
framed structures. The toxicity of 
smoke from burning insulation varies 
according to the insulation type: EPS 
fumes are more or less the same as 
wood smoke, whereas polyurethane 
smoke contains cyanide. All foam 
plastics drip sticky, flaming goo dur- 
ing a fire, which is a serious hazard. 


Building with Structural 
Insulated Panels 


SIP components dovetail elegantly 
into the sequence of standard wood 
light frame construction, where 
they typically replace conventionally 
framed exterior walls and roofs. The 
SIP walls bear on the floor structure— 
either slab or framed—and the SIP 
roof bears on the walls (Figure 27.19). 
Once the panels are installed, the re- 
mainder of the construction proceeds 
as it would in standard construction 
except for the added labor involved 
in electrical wiring and sometimes 
plumbing and heating. 


FIGURE 27.19 

Building section showing typical SIP 
construction. The ground floor can also 
be conventionally framed with joists 

over a basement or crawlspace or made 
with SIPs, as shown in Figures 27.20 and 
27.21. The second floor can also be con- 
ventionally framed, as shown in Figures 
27.26 and 27.27. The roof, if not vaulted 
as shown here, is usually made of trusses. 
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Structural ridge beam 


SIP roof 


SIP wall 


Subfloor secured to joists 
and tops of panels 


Wood joists supported 
on metal hangers 


Window and door 


openings framed with 
2x lumber 


Preservative-treated mud 
sill at base of ground- 
floor panels 
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FIGURE 27.20 

SIPs used as a floor structure span between the beams of a simple post-and-beam foundation. The addition of a skirt between floor 
and ground will create a crawlspace. (Courtesy of Energy Studies in Buildings Laboratory, Center for Housing Innovation, Department of 
Architecture, University of Oregon) 
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FIGURE 27.21 
A partially completed SIP floor structure. (Courtesy of Thermal Shell Homes, Houston, Texas) 


FIGURE 27.22 
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Single-story SIP houses can be assembled without the assistance of a crane when 4- or 
8-foot-long panels are used. (Photo by Rob Thallon) 


Houses made with SIPs com- 
monly are constructed on a basement 
or crawlspace foundation and a con- 
ventionally framed floor or a slab. 
However, the combined structural 
and insulating capacities of SIPs of- 
ten inspire their use as a floor struc- 
ture supported by a simple post-and- 
beam foundation (Figures 27.20 and 
27.21). A SIP floor system provides 
the same subfloor platform on which 
to erect walls as a conventionally 


framed floor. It is usually necessary to 
add a skirt around the perimeter of a 
house with a SIP floor system. 

The connection of wall pan- 
els to the floor structure is virtually 
identical to that of wood light fram- 
ing except that the bottom plate is 
attached to the subfloor before the 
wall is erected and acts as a locating 
device (Figure 27.19). Typical 4-by- 
8-foot (1.2 x 2.4-m) panels weigh 
approximately 110 to 130 pounds 
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FIGURE 27.23 

There are numerous ways to join insu- 
lated panels. Each is designed to provide 
structural integrity and ease of construc- 
tion. (a) creates a thermal bridge while 
(b) and (c) maintain the continuity of 
thermal insulation. 


(50 to 60 kg) and can be positioned 
by two workers, although a light-duty 
crane can speed the process (Fig- 
ure 27.22). (For two-story buildings, a 
crane would have to appear twice, as 
it would for open panels with conven- 
tional floor framing.) As they are be- 
ing installed, panels are mechanically 
fastened edge to edge, and a number 
of details have been devised for this 
purpose (Figure 27.23). Wall panels 
are nailed or screwed to one another 
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FIGURE 27.24 

Most SIP manufacturers compromise the 
thermal insulation slightly at the corner 
by introducing a thermal bridge in order 
to make a simple structural joint. 


at corners, and all wall panels are tied 
together at the top with a continuous 
plate (Figure 27.24). 

Upper floors are rarely made of in- 
sulated panels because there is no need 
for insulation at this location. Framing 
of upper floors with open-web joists 
or wooden I-joists provides cavities in 
which plumbing and other utilities can 
be easily located (Figure 27.26). The 
perimeter of framed upper floors must 
be insulated conventionally unless the 
SIP wall extends up to the level of the 
subfloor (Figure 27.27). 

Roof panels are installed similar- 
ly to wall panels and are attached to 
the top plates of walls with long nails 
or screws that pass through the roof 
panels and penetrate the top plate of 
the wall (Figures 27.28 and 27.29). 


FIGURE 27.25 
SIPs are relatively easy to modify at the site. Here, a hot-wire cutting tool removes insulation from a floor panel so that a 


loadbearing rim joist can be inserted. Similar techniques can be employed to frame rough openings in walls. (Courtesy of Energy 


Studies in Buildings Laboratory, Center for Housing Innovation, Department of Architecture, University of Oregon) 


Eaves and overhanging rakes, where 
they exist, are commonly made by 
cantilevering the insulated panel, 
even though the insulation performs 
no thermal function where it is not lo- 
cated over a living space. 

Openings for windows and doors 
are best manufactured into the panels 
at the factory but can also be cut on- 
site with an oversized power saw and a 
router. All panels are caulked or sealed 
at all edges as they are installed in or- 
der to create as airtight an envelope 
as possible. Most SIP manufacturers 
suggest that the panels themselves are 
sufficient as an air barrier if properly 
caulked and sealed at top and bottom 
plates and at adjacent panels. 
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FIGURE 27.26 

The stacking of upper-floor joists on SIP 
walls requires the addition of insulation 
across the height of the floor structure. 


Upper-story SIP 
wall panel 


Insulation added 
from inside at 
the site 


Conventional 
floor structure 
with rim joist 


Lower-story SIP 
wall panel 


FIGURE 27.27 
Open-web floor joists allow for easy routing of utilities through the floor structure. (Courtesy of Thermal Shell Homes, Houston, Texas) 
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FIGURE 27.28 

These small roof panels were hoisted 
onto the second floor by hand and are 
being positioned by hand. The panels 
will be attached to the floor structure 
at their base and to each other at 

the ridge, forming a self-supporting 
structural triangle. (Courtesy of Energy 
Studies in Buildings Laboratory, Center 
for Housing Innovation, Department of 
Architecture, University of Oregon) 


FIGURE 27.29 
These large roof panels were placed with a crane and are supported at their top edge by a structural ridge 
beam. (Courtesy of Thermal Shell Homes, Houston, Texas) 
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FIGURE 27.30 
The completed shell of the SIP house pictured in Figures 27.20 and 27.28. The extra electric meter bases are for energy consumption 
studies. (Courtesy of Energy Studies in Buildings Laboratory, Center for Housing Innovation, Department of Architecture, University of Oregon) 
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1. Andrews, Steve. Foam-Core Panels and 
Building Systems: Principles, Practice, and 
Product Directory (3rd ed.). Arlington, MA: 
Cutler Information Corporation, 1999. 


A comprehensive survey of the residential 
SIP industry. Topics range from energy 
performance to the construction process 
to marketing. Updated frequently. 


Key TERMs AND CONCEPTS 


panelized construction 
framed panel 
structural insulated panel (SIP) 


REVIEW QUESTIONS 


1. What are the significant differences 
between framed open-panel construction 
and conventional stick framing? What 
are the practical limitations of the open- 
panel system? 


EXERCISES 


1. Try to locate a local open-panel manu- 
facturer. Visit one of its projects under 
construction if possible and compare 
what you see with conventional wood light 
frame construction. How much time does 
the panelized process save? Is a cost com- 
parison available? What are the apparent 
limitations of the panelized process? 


2. Morley, Michael. Building with Struc- 
tural Insulated Panels (SIPs). Newtown, CT: 
Taunton Press, 2000. 


A comprehensive guide to the construc- 
tion of SIP walls and roofs. Tools, panel 
selection, and the integration of mechani- 
cal systems are also discussed. 


open panel 
closed panel 
sandwich panel 


2. Why are framed closed panels seldom 
used? 


3. Discuss the advantages and disadvan- 
tages of SIPs compared to conventional 
stick framing. 


2. Locate two or three SIP manufac- 
turers and have descriptive literature 
sent to you. Compare the systems and 
speculate about how the differences 
would make construction more or less 
complicated. What other effects do the 
differences between the systems appear 
to have? 


stressed-skin panel 
creep 
thermal performance of SIP 


4. Why does a SIP wall outperform a 
wood stud wall of equal thickness from a 
thermal point of view? 


5. Describe the typical sequence of events 
required to build the shell of a house 
using SIP construction. 


3. Obtain a set of plans for a panelized 
house. Compare these plans to those for 
a conventional house of similar size. What 
are the major differences between the 
plans? Why do you suppose these differ- 
ences occur? Can you think of alternative 
ways to design the details illustrated in the 
plans? 


A 

AAC See Autoclaved aerated concrete. 
ABS pipe Plumbing pipe made from 
acrylonitrile-butadiene-styrene plastic. 
AC See Alternating current. 
Accessibility The ability for all persons 
to be able to enter buildings and the 
rooms within them. 

Acrylic A transparent plastic material 
widely used in sheet form for glazing win- 
dows and skylights. 

Activator An admixture that reinstates 
the curing process to concrete that has 
had its curing deferred by a stabilizer. 
Actual dimension The cross-sectional 
size of a piece of lumber after it has been 
planed down from its nominal dimen- 
sion. 

ADA Americanswith Disabilities Act. Also 
see Airtight drywall approach. 

Additive A substance put into a coating 
to adjust its properties, such as drying 
time and ease of application. 

Adhesive A sticky substance designed to 
glue various components to one another. 


Admixture A substance other than ce- 
ment, water, and aggregates included in 
a concrete mixture for the purpose of 
altering one or more properties of the 
concrete. 

Adobe Bricks made of clay and sand, 
dried but not fired. Walls made of adobe 
bricks in mud mortar. 

Adobe, asphalt-modified Adobe bricks 
made of clay and sand with an admixture 
of asphalt to impart water resistance. 
Affordable housing Low-cost housing 
for low-income renters or buyers. 
Aggregate Inert particles, such as sand, 
gravel, crushed stone, or expanded min- 
erals, in a concrete or plaster mixture. 
AIA The American Institute of Architects. 


GLOSSARY 


AIBD American Institute of Building 
Design. 

AICP American Institute of Certified 
Planners. 

Air admittance valve (AAV) A plumbing 
valve that admits interior air to the waste- 
water system. 

Air barrier A material that reduces air 
leakage through a building assembly. 
Airborne noise Sound generated by 
voices, radios, musical instruments, and 
other things that generate sound by 
vibrating the air. 

Air changes per hour The number of 
times the volume of air in a space is com- 
pletely exchanged in one hour. 

Air conditioner A unit that takes in air, 
cools and dehumidifies it, and distributes 
it to the interior space of a building. 
Air-conditioning system A system that 
achieves thermal comfort in a building 
by circulating filtered air that is either 
heated or cooled as conditions demand. 
Air drying Reducing the moisture con- 
tent of lumber by exposing it to outdoor 
air for an extended period of time. 
Air-entraining cement A portland ce- 
ment with an admixture that causes a con- 
trolled quantity of stable, microscopic air 
bubbles to form in the concrete during 
mixing. 

Air filter A device that passes through a 
fiber pad to remove particulate impurities. 


Air filter, electronic A device that re- 
moves particles from the air by applying 
an electric charge to the particles and 
a charge of opposite polarity to metal 
plates that attract the particles and hold 
them. 

Airtight drywall approach (ADA) Re- 
stricting the passage of water vapor into 
the insulated cavities of a light frame 
building by eliminating passages around 


and through the gypsum board interior 
finish. 

Air-to-air heat exchanger A _ device 
that exhausts air from a building while 
recovering much of the heat from 
the exhausted air and transferring it to 
the incoming air. 

Air/vapor barrier (AVB) A sheet mate- 
rial used as both a vapor retarder and an 
air barrier. 

Air volume damper A flap or valve that 
may be adjusted to regulate the amount 
of air that passes through a duct. 
All-in-one loan Money borrowed at in- 
terest that serves as both construction 
loan and permanent mortgage. 
Allowable stress The tensile, compres- 
sive, or shear stress that may be borne 
safely by a structural element. Allowable 
stress is usually determined by multiply- 
ing the stress of the material at failure by 
a factor of safety. 

Alternating current (AC) Electric cur- 
rent that oscillates in polarity and mag- 
nitude so that it is capable of changing 
voltage with a transformer. 

Amp _ Short for ampere. 


Ampere A measure of the rate of flow of 
electrical energy. 

Anchor bolt A bolt embedded in con- 
crete for the purpose of fastening a 
building frame to a concrete or masonry 
foundation. 

Angle A structural section of steel or 
aluminum whose profile resembles the 
letter L. 


ANSI American National Standards In- 
stitute, an organization that fosters the 
establishment of voluntary industrial 
standards. 


APA American Planning Association. 
Appraised value The value of a build- 
ing or piece of land as estimated by a 


643 


644 / Glossary 


professional who is expert in making such 
estimates. 

Apron The finish piece that covers the 
joint between a window stool or sill and 
the wall finish below. 

Arc fault circuit interrupter (AFCI) A 
type of electrical circuit breaker that pro- 
tects circuits against arcing faults. 

Arch A structural device that supports 
a vertical load by translating it into axial, 
inclined forces at its supports. 

Architect One who is licensed by a state 
government as being legally entitled to 
prepare designs and plans for buildings 
of any size and scope. 

Architectural drawings Construction 
drawings that show the general con- 
figuration and finishes of a building, as 
contrasted with electrical, structural, and 
mechanical drawings. 

Area restriction A code limitation on 
the size of a building based on construc- 
tion type and use. 

Ash dump A door in the underfire of a 
fireplace that permits ashes from a fire to 
be swept into a chamber beneath, from 
which they may be removed at a later time. 
Ashlar Squared stonework. 

ASLA American Society of Landscape 
Architects. 

Asphalt A tarry brown or black mixture 
of hydrocarbons. 

Asphalt roll roofing A continuous sheet 
of the same roofing material used in as- 
phalt shingles. See also Asphalt shingle. 
Asphalt-saturated felt A moisture-resis- 
tant sheet material, available in several 
different thicknesses, usually consisting of 
a heavy paper that has been impregnated 
with asphalt. 

Asphalt shingle A roofing unit com- 
posed of a heavy organic or inorganic 
felt saturated with asphalt and faced with 
mineral granules. 

ASTM ASTM International (formerly the 
American Society for Testing and Materi- 
als), an organization that promulgates stan- 
dard methods of testing the performance 
of building materials and components. 
Atactic polypropylene An amorphous 
form of polypropylene used as a modifier 
in modified bitumen roofing. 

Attic A room directly below the rafters 
of a house. 

Attic truss A roof truss with a large open 
space in the center that collectively forms 
a room with adjacent trusses. 


Autoclaved aerated concrete (AAC) Con- 
crete formulated so as to contain a large 
percentage of gas bubbles as a result of a 
chemical reaction that takes place in an 
atmosphere of steam. 

AVB 


Awning window A window that pivots on 
an axis at or near the top edge of the sash 
and projects toward the outdoors. 


See Air/vapor barrier. 


Axial In a direction parallel to the long 
axis of a structural member. 


B 


Backer rod A _ flexible, compressible 
strip of plastic foam inserted into a joint 
to limit the depth to which sealant can 
penetrate. 

Backfill Earth or earthen material used 
to fill the excavation around a founda- 
tion; the act of filling around a founda- 
tion. 

Backsplash The upright curb at the rear 
of a countertop. 

Backup brick A brick of low visual qual- 
ity used in a position where it will not be 
exposed to view. 

Balancing, system Adjusting a heating 
or cooling system so that it provides com- 
mensurate levels of comfort in all the 
rooms of a building. 

Balancing valve A device that controls 
water flow for the purpose of regulating 
a hydronic heating system. 

Bale, straw A rectangular volume of com- 
pressed straw held together with two or 
three strings or wires that wrap around it. 
Ballast A heavy material installed over 
a roof membrane to prevent wind uplift 
and shield the membrane from sunlight. 
Balloon frame A _ wooden building 
frame composed of closely spaced mem- 
bers, nominally 2 inches (51 mm) thick, 
in which the wall members are single 
pieces that run from the sill to the top 
plates at the eave. 

Baluster A small vertical member that 
serves to fill the opening between a hand- 
rail and a stair or floor. 

Banded An edge of a wood panel cov- 
ered with a strip of wood veneer. 

Band joist A wooden joist running per- 
pendicular to the primary direction of the 
joists in a floor and closing off the floor 
platform at the outside face of the build- 
ing; also called a rim joist or rim board. 
Bar A small rolled steel shape, usually 
round or rectangular in cross section; a 


rolled steel shape used for reinforcing 
concrete. 

Barge rafter A rafter in a rake overhang; 
also known as a fly rafter. 

Bark The tough, fibrous outermost lay- 
er of a tree trunk and branches. 

Basalt A dark gray to black fine-grained 
igneous rock. 

Baseboard A strip of finish material 
placed at the junction of a floor and a 
wall to create a neat intersection and to 
protect the wall against damage from 
feet, furniture, and floor-cleaning equip- 
ment. 

Baseboard convector A convective heat- 
ing device installed at the junction of a 
wall and floor for the purpose of distrib- 
uting heat to the air of a room. 

Batten A strip of wood or metal used to 
cover the crack between two adjoining 
boards or panels. 

Batter board A temporary frame built 
just outside the corner of an excavation to 
carry marks that lie on the surface planes 
of the basement that will be built in the 
excavation. 

Bay A rectangular area of a building 
defined by four adjacent columns; a por- 
tion of a building that projects from a 
facade. 

Bead A narrow line of weld or sealant; 
a strip of metal or wood used to hold a 
sheet of glass in place; a narrow, convex 
molding profile; a metal edge or corner 
accessory for plaster. 

Beam A _ straight structural member, 
usually horizontal, that acts primarily to 
resist nonaxial loads. 

Bearing A point at which one building 
element rests upon another. 

Bearing capacity The relative ability of a 
soil to support a building, expressed as an 
allowable stress upon the soil. 

Bearing stiffener Code terminology 
for web stiffener in light-gauge steel con- 
struction. 

Bearing wall A wall that supports floors 
or roofs. 

Bed joint The horizontal layer of mor- 
tar beneath a masonry unit. 

Bedrock A solid stratum of rock. 
Benchmark A fixed indication on a 
building site that may be used to establish 
grades and other vertical dimensions. 
Bent A plane of framing consisting 
of beams and columns joined together, 
often with rigid joints. 


Bentonite clay An absorptive, colloidal 
clay that swells to several times its dry 
volume when saturated with water. 

Bevel An end or edge that is cut at an 
angle other than a right angle. 

Bevel siding Wood cladding boards that 
taper in cross section. 

Bifold door A door that consists of 
two leaves hinged together along their 
vertical edges and restrained by a guide 
wheel that runs in a track at the outer top 
corner. The door is opened by pulling 
the center, hinged joint outward, which 
causes one edge of the door to pull away 
from the jamb and move laterally. 

Binder A cementing substance that 
serves to hold a mass of fibers or particles 
together. 

Bird’s mouth The triangular notch in a 
rafter that gives it full bearing on a wall 
plate or beam. 

Bitumen A tarry mixture of hydrocar- 
bons, such as asphalt or coal tar. 

Black pipe A pipe made of steel alloy 
with wrought iron additives, used for gas 
piping in older buildings. 

Blast furnace slag A byproduct of iron 
manufacture used as a concrete admix- 
ture. 

Blind nailing Attaching boards to a 
frame, sheathing, or subflooring with toe 
nails driven through the edge of each 
piece so as to be completely concealed by 
the adjoining piece. 

Blocking Pieces of wood inserted tight- 
ly between joists, studs, or rafters in a 
building frame to stabilize the structure, 
inhibit the passage of fire, provide a nail- 
ing surface for finish materials, or retain 
insulation. 

Bluestone A sandstone that is gray to 
blue-gray in color and splits readily into 
thin slabs. 

Board A long, flat slab of sawed lumber. 
Board foot A unit of lumber volume, 
a rectangular solid, nominally 12 inches 
square and 1 inch thick. This unit is not 
used in metric or SJ measurement. 
Board siding Wood cladding made up 
of boards, as differentiated from shingles 
or manufactured wood panels. 

BOCA Building Officials and Code 
Administrators International, Inc. 
Bolster A long chair used to support re- 
inforcing bars in a concrete slab. 

Bolt A fastener consisting of a cylindri- 
cal metal body with a head at one end and 


a helical thread at the other, intended 
to be inserted through holes in adjoin- 
ing pieces of material and closed with a 
threaded nut. 

Bond In masonry, the adhesive force 
between mortar and masonry units, or 
the pattern in which masonry units are 
laid to tie two or more wythes together 
into a structural unit. In reinforced con- 
crete, the adhesion between the surface 
of a reinforcing bar and the surround- 
ing concrete. In construction law, a sum 
of money from which expenses are to be 
paid to do the work of a contractor if that 
contractor should fail to fulfill his or her 
contract. 

Bond breaker A strip of material to 
which sealant does not adhere. 

Bonded In construction law, covered 
by a bond. In concrete construction, ad- 
hered to concrete. 

Boot fitting A transitional adapter that 
connects a duct to a register. 

Bottom bars The reinforcing bars that 
lie close to the bottom of a beam or slab. 
Bowing Curvature of a board in the 
plane of its short dimension. 

Box girder A major spanning member 
of concrete or steel whose cross section is 
a hollow rectangle or trapezoid. 

Bracing Diagonal members, either tem- 
porary or permanent, installed to stabi- 
lize a structure against lateral loads. 

Brad A small finish nail. 


Branch line A secondary plumbing sup- 
ply line. 

Brick A_ rectangular building block 
made of clay or shale, either fired or un- 
fired. 

Brick, adobe A sun-dried, unfired clay 
brick. 

Brick, cored A _ brick that has been 
molded with small hollow passages 
through its height so as to facilitate dry- 
ing and firing and to make the brick 
lighter in weight. 

Brick, frogged A brick that has been 
molded with a recess in its largest surface 
so as to facilitate drying and firing and to 
make the brick lighter in weight. 

Brick, hollow A _ brick that has been 
molded with large internal passages 
through its height so as to accept rein- 
forcing bars and grout. 

Brick grades Classifications that relate 
to the resistance of bricks to freeze-thaw 
damage. 
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Brick paver A brick that is half as thick 
as a normal brick, intended for use as a 
flooring material. 

Brick types Classifications that relate to 
the degree of uniformity and perfection 
in the manufacture of bricks. 

Bridging Bracing or blocking installed 
between steel or wood joists at midspan 
to stabilize them against buckling and, in 
some cases, to permit adjacent joists to 
share loads. 

British thermal unit (Btu) The quantity 
of heat required to raise 1 pound of water 
1°F. 

Broom finish A skid-resistant texture 
imparted to an uncured concrete sur- 
face by dragging a stiff-bristled broom 
across it. 

Brown coat The second coat of plaster 
in a three-coat application. 
Brownstone A_ brownish or reddish 
sandstone. 

Btu See British thermal unit. 

Buckling Structure failure by gross later- 
al deflection of a slender element under 
compressive stress, such as the sideward 
buckling of a long, slender column or the 
upper edge of a long, thin floor joist. 
Builder One who constructs houses or 
other buildings. 

Builder’s level An optical sighting de- 
vice used to determine elevations and 
alignments on a building site. 

Building code A set of legal restrictions 
intended to ensure a minimum standard 
of health and safety in buildings. 
Building designer One who undertakes 
the design of buildings of limited size and 
scope, usually at the scale of single-family 
residences. 

Building drain The piping at the base 
of a DWV system that lies within the 
building. 

Building inspector A building official 
who checks buildings under construction 
to verify compliance with codes and ap- 
proved building plans. 

Building sewer The piping that carries 
sewage from a building to the sewer main. 
Built-up roof (BUR) A roof membrane 
laminated from layers of asphalt-saturated 
felt or other fabric, bonded together with 
bitumen or pitch. 

BUR See Built-up roof. 

Butt The thicker end, such as the lower 
edge of a wood shingle or the lower end 
of a tree trunk; a joint between square- 
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edged pieces; a weld between square- 
edged pieces of metal that lie in the same 
plane; a type of door hinge that attaches 
to the edge of the door. 

Butyl rubber A synthetic rubber com- 
pound. 

Bypass door A door that opens by roll- 
ing laterally on a track at its top edge and 
that moves past the surface of another 
door or wall. 


Cc 

Cabinet, custom A cabinet manufactured 
for installation in a particular dwelling. 
Cabinet, face-frame A cabinet with a 
front frame that surrounds the doors and 
drawers. 

Cabinet, frameless A cabinet on which 
only the doors and drawer fronts are 
visible. 

Cabinet, modular A _ mass-produced 
cabinet that is furnished in standard sizes. 
Cabinet door, full-overlay A door with- 
out rabbeted edges that overlaps the face 
frame of a cabinet. 

Cabinet door, inset A door that is fully 
recessed within the frame of the cabinet. 
Cabinet door, lip A door with rabbeted 
edges whose lips overlap the face frame 
of a cabinet. 

Cabinet pull A knob or handle used to 
open a door or drawer in a cabinet. 
Cable, main service The large wire that 
brings electricity into a building. 

Cable, metal-clad Hot, neutral, and 
ground wires in a protective, flexible met- 
al sheath. 

Cable, nonmetallic Hot, neutral, and 
ground wires wrapped in plastic insula- 
tion as a single cable. 

CABO Council of American Building 
Officials. 

Calcining Driving off the water of hy- 
dration from gypsum by the application 
of heat. 

Camber A slight, intentional initial cur- 
vature in a beam or slab. 

Cambium The thin layer beneath the 
bark of a tree that manufactures cells of 
wood and bark. 

Cane fiberboard A building panel made 
of sugar cane fiber and a binder. 
Cantilever A beam, truss, or slab that is 
supported at one end only. 

Cant strip A strip of material with a slop- 
ing face used to ease the transition from a 


horizontal to a vertical surface at the edge 
of a membrane roof. 

Capillary action The pulling of water 
through a small orifice or fibrous material 
by the adhesive force between the water 
and the material. 

Capillary break A slot or groove intend- 
ed to create an opening too large to be 
bridged by a drop of water and thereby to 
prevent the passage of water by capillary 
action. 

Carbide-tipped tools Drill bits, saws, 
and other tools with cutting edges made 
of an extremely hard alloy. 

Carpenter 
wood. 


One who makes things out of 


Carriageway The shaft through which 
an elevator travels. 

Casement window A window that pivots 
on an axis at or near a vertical edge of the 
sash. 

Casing The wood finish pieces sur- 
rounding the frame of a window or door; 
a cylindrical steel tube used to line a 
drilled or driven hole in foundation work. 
Casting Pouring a liquid material or 
slurry into a mold whose form it will take 
as it solidifies. 

Cast-in-place Concrete that is poured in 
its final location; site cast. 

Cast iron Iron with too high a carbon 
content to be classified as steel. 

Caulk A low-range sealant. 

Cavity wall A masonry wall that includes 
a continuous airspace between its outer- 
most wythe and the remainder of the wall. 
Cee section A metal framing member 
whose cross-sectional shape resembles the 
letter C. 

Ceiling board A high-strength gypsum 
board developed for use in ceilings with 
widely spaced joists. 

Cellulose A complex polymeric carbo- 
hydrate of which the structural fibers in 
wood are composed. 

Celsius A temperature scale on which 
the freezing point of water is established 
as 0° and the boiling point as 100°. 
Cement A substance used to adhere 
material together; in concrete work, the 
dry powder that, when it has combined 
chemically with the water in the mix, ce- 
ments the particles of aggregate together 
to form concrete. 

Cementitious Having cementing proper- 
ties, usually with reference to inorganic sub- 
stances, such as portland cement and lime. 


Centering Temporary formwork for an 
arch, dome, or vault. 

Central vacuum system A vacuum clean- 
ing system with its fan, filter, and dust 
container mounted in a fixed location 
and connected to a system of pipes that 
make the vacuum available anywhere in 
the building. 

Ceramic tile Small, flat, thin clay tiles 
intended for use as wall and floor facings. 
Certificate of occupancy A final govern- 
mental approval that allows the owner of 
a new or remodeled building to use the 
building. 

Certified Professional Building Designer 
(CPBD) One who is licensed by a state 
government to design buildings of lim- 
ited size and scope, usually at the residen- 
tial scale. 

Chair A device used to support reinforc- 
ing bars. 

Chamfer A flattening of a longitudinal 
edge of a solid member on a plane that 
lies at an angle of 45 degrees to the ad- 
joining planes. 

Change order An agreement to add to, 
subtract from, or alter a work that is al- 
ready under contract. The change order 
may include a provision for adjusting the 
contract price accordingly. 

Channel A steel or aluminum section 
shaped like a rectangular box with one 
side missing. 

CHBA Canadian Home Builders’ Asso- 
ciation. 

Check A fissure in a piece of wood that 
is perpendicular to the growth rings, 
caused by the difference in drying shrink- 
age between the tangential and radial di- 
rections of the log. 

Chimney A vertical tube to conduct 
smoke and combustion gases from a fuel- 
burning device to the atmosphere. 
Chimney cap A concrete slab cast on 
top of a chimney and around the flue lin- 
ers to keep water out of the interior con- 
struction of the chimney. 

Chinking Any material that is inserted 
between logs in stacked log construction 
to seal out the weather. The process of in- 
serting chinking. 

Chlorinated polyethylene A plastic ma- 
terial used in roof membranes. 
Chlorosulfonated polyethylene A _plas- 
tic material used in roof membranes. 
Chord The top or bottom member of a 
truss. 


Circuit A group of electrical outlets 
served by a single circuit breaker and a 
cable. 

Circuit breaker A device that shuts off 
electricity in a circuit if the capacity of the 
circuit is exceeded. 

Cladding A material used as the exte- 
rior wall enclosure of a building. 

Clamp _ A tool for holding two pieces of 
material together temporarily; unfired 
bricks piled in such a way that they can be 
fired without using a kiln. 

Class A, B, C roofing Roof covering ma- 
terials classified according to their resis- 
tance to fire when tested in accordance 
with ASTM E108. Class A is the highest, 
Class C the lowest. 

Cleanout A removable plug or cover in 
a waste line for the purpose of allowing 
inspection and cleaning of the line. 
Cleanout hole An opening at the base 
of a masonry wall through which mortar 
droppings and other debris can be re- 
moved prior to grouting the interior cav- 
ity of the wall. 

Clear dimension, clear opening The di- 
mension between opposing inside faces 
of an opening. 

Clinker A fused mass that is an interme- 
diate product of cement manufacture; a 
brick that is overburned. 

Closer The last masonry unit laid in 
a course; a partial masonry unit used at 
the corner of a header course to adjust 
the joint spacing; a mechanical device 
for regulating the closing action of a 
door. 


CLSM See Controlled low-strength 
material. 
CMU _ See Concrete masonry unit. 


Coating A layer of liquid spread over a 
surface to protect it and/or change its ap- 
pearance. 

Coating, clear A coating with no pig- 
ment. 

Coating, solvent-based A coating that 
employs a hydrocarbon, such as turpen- 
tine, as a solvent. Commonly called “oil 
paint.” 

Coating, water-based A coating that has 
water as the solvent and dries by evapora- 
tion. Commonly called “latex” paint. 
Code 


Coefficient of performance (COP) A 
measure of the efficiency of a heating 
or cooling device, equal to the amount 
of energy that is produced by the device 


See Building code. 


divided by the amount of energy intro- 
duced into it. 

Cohesive soil A soil such as clay whose 
particles are able to adhere to one an- 
other by means of cohesive and adhesive 
forces. 

Cold-formed steel construction Steel 
framing composed of members that were 
created by folding sheet steel at room 
temperature. 

Collar tie A piece of wood nailed across 
two opposing rafters near the ridge to re- 
sist wind uplift. 


Column An upright structural member 
acting primarily in compression. 

Column footing A durable element usu- 
ally made of concrete, designed to spread 
the load of a column over an area of soil 
large enough to support the column over 
time. 

Combination door A door with inter- 
changeable inserts of glass and insect 
screening, usually used as a second, exte- 
rior door and mounted in the same open- 
ing with a conventional door. 
Combination window A sash that holds 
both insect screening and a retractable 
sheet of glass, mounted in the same frame 
with a window and used to increase its 
thermal resistance. 


Combustion air Air that is routed to a 
fire from outside the building to increase 
the efficiency of the fire. 


Competitive bidding A process of so- 
liciting and comparing cost proposals 
from two or more business entities, usu- 
ally for the purpose of making a business 
arrangement with the one who proposes 
the lowest cost. 

Composite A material or assembly made 
up of two or more materials bonded to- 
gether to act as a single structural unit. 


Compression A squeezing force. 


Compression gasket A synthetic rub- 
ber strip that seals around a sheet of glass 
or a wall panel by being squeezed tightly 
against it. 

Compressive strength The ability of a 
structural material to withstand squeez- 
ing forces. 

Concave joint A mortar joint tooled 
into a curved, indented profile. 


Concrete A_ structural material pro- 
duced by mixing predetermined amounts 
of portland cement, aggregates, and 
water, and allowing this mixture to cure 
under controlled conditions. 
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Concrete, stamped A concrete slab that 
has been impressed with a pattern to sim- 
ulate brick or stone paving. 

Concrete block A concrete masonry unit, 
usually hollow, that is larger than a brick. 
Concrete masonry unit (CMU) A block 
of hardened concrete, with or without 
hollow cores, designed to be laid in the 
same manner as a brick or stone; a con- 
crete block. 

Concrete slab A relatively thin concrete 
layer that forms a floor or terrace. 
Condensate Water formed as a result of 
condensation. 

Condensation The process of changing 
from a gaseous to a liquid state, especially 
as applied to water. 

Condominium A residence in a multi- 
family building that is owned only in the 
interior. 

Conduit A steel or plastic tube through 
which electrical wiring is run. 
Construction documents Construction 
drawings, specifications, and contracts for 
the construction of a building. 
Construction drawings Drawings that 
show all the dimensional and technical 
information required to build a building. 
Construction loan Money borrowed at 
interest to pay construction costs until a 
permanent mortgage is arranged after 
the completion of construction. 


Construction observation The appear- 
ance of an architect on the building site 
at intervals during construction for the 
purposes of answering questions from 
contractors, resolving problems, identify- 
ing and correcting deficient work, certify- 
ing payments to contractors, and so forth. 
Continuous ridge vent A _ screened, 
water-shielded ventilation opening that 
runs continuously along the ridge of a roof. 
Contract builder One who undertakes a 
legal obligation to build houses that are 
owned by others. 


Contract negotiations Discussions for 
the purpose of agreeing upon the terms 
of a contract. 

Contractor A person or organization 
that undertakes a legal obligation to do 
construction work. 

Control joint An intentional, linear dis- 
continuity in a structure or component, 
designed to form a plane of weakness 
where cracking can occur in response to 
various forces so as to minimize or elimi- 
nate cracking elsewhere in the structure. 
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Controlled low-strength material (CLSM) 
Concrete purposely formulated to have 
a very low but known strength, used pri- 
marily as a backfill material. 

Convection The transfer of heat by the 
circulation of air. 

Convector A heat exchange device that 
uses the heat in steam, hot water, or an elec- 
tric resistance element to warm the air in a 
room; often called, inaccurately, a radiator. 
COP 


Cope The removal of a portion of mate- 
rial at the rear of a joint in order to facili- 
tate connection to another member. 


See Coefficient of performance. 


Coped connection A joint in which the 
end of one member is cut to match the 
profile of the other member. 

Coping A protective cap on the top of a 
masonry wall. 

Coping saw A handsaw with a thin, very 
narrow blade, used for cutting detailed 
shapes in the ends of wood moldings and 
trim. 

Corbel A spanning device in which 
masonry units in successive courses are 
cantilevered slightly over one another; a 
projecting bracket of masonry or concrete. 
Corner bead A metal or plastic strip 
used to form a neat, durable edge at an 
outside corner of two walls of plaster or 
gypsum board. 

Cornice The exterior detail at the meet- 
ing of a wall and a roof overhang; a deco- 
rative molding at the intersection of a wall 
and a ceiling. 

Corrosion Oxidation, such as rust. 
Corrosion inhibitor A concrete admix- 
ture intended to prevent oxidation of re- 
inforcing bars. 

Corrugated Pressed into a fluted or 
ribbed profile. 

Corrugated steel decking Sheets of fold- 
ed metal that support poured-in-place 
concrete slabs for floors. 

Cost-plus contract An agreement to 
perform work for payments equal to the 
direct cost of the work plus additional 
payments for the contractor’s overhead 
and profit. 

Counterflashing A flashing turned down 
from above to overlap another flashing 
turned up from below so as to shed water. 
Countertop, concrete A level top sur- 
face for a counter, made of a thin layer of 
reinforced concrete. 

Countertop, plastic laminate A_ level 
top surface for a counter, made of a thin 


plastic laminate glued to a particleboard 
backing. 

Countertop, solid surface A level top 
surface for a counter, made of a synthetic 
sheet material without a facing. 

Course A horizontal layer of masonry 
units one unit high; a horizontal line of 
shingles or siding. 

Coursed Laid in courses with straight 
bed joints. 

Cove base A flexible strip of plastic or 
synthetic rubber used to finish the junc- 
tion between resilient flooring and a wall. 
Cover The thickness of concrete pro- 
vided to protect reinforcing bars from fire 
and corrosion. 

Cover plate A plate of plastic, metal, or 
wood fastened to the face of an electrical 
box to enclose its contents and give a fin- 
ished appearance. 

CPBD See Certified Professional Build- 
ing Designer. 

Crawlspace <A space that is not tall 
enough to stand in, located beneath the 
lowest floor of a building. 

Crawlspace plenum A crawlspace that is 
used, in effect, as a giant supply duct for 
heating and cooling. 

Creep A permanent inelastic deforma- 
tion in a material due to changes in the 
material caused by the prolonged applica- 
tion of a structural stress. 

Creosote An oily derivative of coal that 
has been used to preserve wood in out- 
door locations. Its use is now banned in 
many areas. 

Cricket A small gable that diverts roof 
water from the upslope side of a chimney 
or other roof projection. 

Cripple stud A wood wall-framing mem- 
ber that is shorter than full-length studs 
because it is interrupted by a header or 
sill. 

Crook Curvature in a plane parallel to 
the flat side of a piece of lumber. 
Crossband An interior ply whose grain 
is perpendicular to that of the face ve- 
neers in a sheet of plywood. 

Cross-grain wood Wood incorporated 
into a structure in such a way that its di- 
rection of grain is perpendicular to the 
direction of the principal loads on the 
structure. 

Cruck A framing member cut from a 
bent tree so as to form one-half of a rigid 
frame. 

CSC _ Construction Specifications Canada. 


CSI Construction Specifications Institute. 
Cup A curl in the cross section of a 
board or timber caused by unequal 
shrinkage or expansion between one side 
of the board and the other. 

Curing The hardening of concrete, 
plaster, gunnable sealant, or other wet 
materials. Curing can occur through 
evaporation of water or a solvent, hydra- 
tion, polymerization, or chemical reac- 
tions of various other types, depending 
on the formulation of the material. 
Curing compound A liquid that, when 
sprayed on the surface of newly placed 
concrete, forms a water-resistant layer to 
prevent premature dehydration of the 
concrete. 

Current, electric The volume of electric- 
ity that flows through a wire, measured in 
amperes. 

Custom-designed house A dwelling de- 
signed wholly or in part for its specific 
owner. 

Cut stone Large rectangular slabs of 
quarried stone. 


D 


Damper A flap to control or obstruct 
the flow of gases; specifically, a metal con- 
trol flap in the throat of a fireplace or in 
an air duct. 

Dampproofing A coating applied to the 
outside face of a basement wall as a bar- 
rier to the passage of water. 

Dap A notch at the end of a piece of 
material. 

Darby A stiff straightedge of wood or 
metal used to level the surface of wet 
plaster. 

Daylighting Illuminating the interior of 
a building by natural means. 

DC See Direct current. 

Deadbolt A sliding metal bar, activated 
by a key, that locks a door or window se- 
curely. 

Dead load The weight of the building 
or building component itself. 

Deciduous 
autumn. 


Dropping its leaves in the 


Deck An outdoor uncovered floor plat- 
form. 


Decking A material used to span across 
beams or joists to create a floor or roof 
surface. 

Decking, synthetic A manufactured, 
decay-resistant plank, usually made of 
wood fibers in a plastic binder. 


Deed restriction A provision in the legal 
certificate of ownership that a specified ac- 
tivity may not occur or a specified physical 
feature may not be built on a piece of land. 
Deformation A change in the shape of 
a structure or structural element caused 
by a load or force acting on that structure. 
Dehumidifier A device that removes 
moisture vapor from the air. 

Dehydration The removal of water from 
a substance. 

Demand water heater A device that 
heats water instantaneously as it is being 
used. 

Design/build Furnishing both design 
and construction services with a single 
business entity. 

Design development A phase of the 
process of designing a building that starts 
with a schematic design and ends with a 
finished, detailed design. 

Designer One who configures a build- 
ing and prepares drawings for its con- 
struction. 

Developer One who brings together 
money, land, dwelling designs, and con- 
tractors to create a group of buildings for 
sale or lease. 

Developer/builder One who acts as 
both developer and builder. 

Dew point The temperature at which 
water will begin to condense from a mass 
of air of a given temperature and mois- 
ture content. 


Diagonal bracing See Bracing. 


Diamond saw A tool with a moving 
chain, belt, wire, straight blade, or circu- 
lar blade whose cutting action is carried 
out by diamonds. 

Diaphragm action A bracing action that 
derives from the stiffness of a thin plane 
of material when it is loaded in a direc- 
tion parallel to the plane. Diaphragms in 
buildings are typically floor, wall, or roof 
surfaces of wood panels, reinforced ma- 
sonry, steel decking, or reinforced con- 
crete. 

Differential settlement Subsidence of 
the various foundation elements of a 
building at differing rates. 

Diffuser A louver shaped so as to dis- 
tribute air about a room. 

Dimension lumber Lengths of wood, 
rectangular in cross section, sawn directly 
from the log. 

Dimension stone Building stone cut toa 
rectangular shape. 


Direct current (DC) Electrical flow of 
constant magnitude and polarity. 

Direct hiring Employing a contractor or 
builder for a project without competitive 
bidding. 

Direction of grain Parallel to the long 
axis of the log from which the lumber was 
cut. 

Direct short An electrical fault caused 
when the hot and neutral wires touch. 
Distribution box A small chamber that 
conducts the effluent from a septic tank 
into the various lines of a drain field. 
Door, fire A door that is certified as be- 
ing able to resist penetration by fire for a 
specified period of time. 

Door, glazed A door that contains one 
or more pieces of glass. 

Door, stile-and-rail A door that is made 
up of interior wood panels contained and 
supported by perimeter wood horizontals 
(rails) and verticals (stiles). 

Dormer A structure protruding 
through the plane of a sloping roof, usu- 
ally containing a window and having its 
own smaller roof. 

Dosing tank An underground vessel 
that houses a pump to pump sewage up- 
hill to a septic tank. 

Double glazing Two parallel sheets of 
glass with an airspace between. 
Double-hung window A window with 
two overlapping sashes that slide vertically 
in tracks. 

Double-strength glass Glass that is ap- 
proximately % inch (3 mm) in thickness. 
Dowel A short cylindrical rod of wood 
or steel; a steel reinforcing bar that proj- 
ects from a foundation to tie it to a col- 
umn or wall, or from one section of a con- 
crete slab or wall to another. 

Downflow furnace A furnace in which 
return air enters at the top and supply air 
exits at the bottom. 

Downspout A vertical pipe for conduct- 
ing water from a roof to a lower level. 
Draft A convection current that in- 
duces combustion air to enter a fire and 
combustion products to rise through the 
chimney. 

Drafting service A business whose pur- 
pose is to prepare drawings for the con- 
struction of buildings. 

Drainage Removal of water. 

Drainage matting A very thick, highly 
porous plastic fabric through which water 
flows readily. 
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Drain field An underground layer of 
porous material into which septic tank ef- 
fluent is introduced in order to disperse 
it into the soil. 

Drain piping Pipes that carry the waste 
from water closets. 

Drain-waste-vent (DWV) system All the 
piping and accessories that work to re- 
move wastewater from a building. 

Drawer guides Rails along which a draw- 
er rests and moves in and out of the cabi- 
net of which it is a part. 

Drawer guides, full-extension Drawer 
guides that permit a drawer to be pulled 
out to its full length with full support. 
Drip A discontinuity formed into the un- 
derside of a window sill, soffit, or wall com- 
ponent to force adhering drops of water to 
fall free of the face of the building rather 
than to move farther toward the interior. 
Drop chute A tube through which con- 
crete is deposited in a deep form to pre- 
vent segregation of its constituents. 

Dry press process A method of molding 
slightly damp clays and shales into bricks 
by forcing them into molds under high 
pressure. 

“Dry” systems Systems of construction 
that use littke or no water during con- 
struction, as differentiated from “wet” 
systems, such as masonry, plastering, and 
ceramic tile work. 

Drywall See Gypsum board. 

Dry well An underground pit filled with 
broken stone or other porous material, 
from which rainwater from a roof drainage 
system can seep into the surrounding soil. 
Duct A_ hollow conduit, commonly 
made of sheet metal, through which air 
can be circulated. 

Duct, branch An air duct that connects 
a trunk duct to one or more registers. 
Duct, return An air duct that takes air 
from a room back to the furnace or air- 
handling unit. 

Duct, supply An air duct that provides 
air to a room. 

Duct, trunk A main air duct that sup- 
plies branch ducts. 

Duct adapter A sheet metal transition 
fitting that connects a duct to a furnace. 
Duct board Rigid glass fiberboard cov- 
ered on the outside with metal foil, used 
to make air ducts. 

Duct tape Adhesive tape used to seal 
seams in ducts. 


DWV _ See Drain-waste-vent system. 
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E 


Earthen construction Walls made of 
soil, such as adobe or rammed earth. 
Eave The horizontal edge at the low 
side of a sloping roof. 

Edge band A strip of wood veneer or 
other material applied to the edge of a 
panel. 

Edge bead A strip of metal or plastic 
used to make a neat, durable edge where 
plaster or gypsum board abuts another 
material. 

Efflorescence A powdery deposit on the 
face of a surface of masonry or concrete, 
caused by the leaching of chemical salts 
by water migrating from within the struc- 
ture to the surface. 

Effluent The liquid that emerges from 
a septic tank or other sewage treatment 
facility or device. 

Egress 
ing. 
Egress window A window that meets 
code-specified minimum dimensions and 
can be used for emergency escape from 
a building. 

EIFS 
system. 
EIFS, barrier An exterior insulation 
and finish system that depends for water- 
tightness on the integrity of its outer layer. 


Emergency escape from a build- 


See Exterior insulation and finish 


EIFS, water-managed An exterior in- 
sulation and finish system that includes 
provisions for free drainage of any water 
that gets behind the exterior layer of the 
system. 

Elastic Able to return to its original size 
and shape after removal of stress. 
Elastomer A rubber or synthetic rubber, 
or rubberlike material. 

Elastomeric Rubberlike. 

Elbow A plumbing fitting that makes an 
angle (usually of 90 degrees) in piping. 
Electrical box A metal or plastic con- 
tainer that houses and supports a recepta- 
cle, switch, or fixture, and its connections 
to a circuit. 

Electrical plan A construction docu- 
ment that shows the layout of compo- 
nents of an electrical system. 

Electric baseboard heater An electric 
resistance coil in a sheet metal housing 
that runs along the wall/floor junction 
and heats the air in a room. 

Elevation A drawing that views a build- 
ing from any of its sides; a vertical height 
above a reference point, such as sea level. 


Elongation Stretching under load; 
growing longer because of temperature 
expansion. 

Embodied energy The energy con- 
sumed in producing and transporting a 
material to the building site. 

Enamel A glossy or semigloss paint. 
End clip A sheet steel connecting mem- 
ber shaped like the letter Z, used in light- 
gauge steel framing. 

End nail A nail driven through the side 
of one piece of lumber and into the end 
of another. 

Energy recovery ventilator (ERV) A 
mechanical device that captures the heat 
or cold from air being exhausted from a 
building and transfers that heat or cold to 
incoming air. Also known as a “Heat Re- 
covery Ventilator (HRV).” 

Engineered fill Earth compacted into 
place in such a way that it has predictable 
physical properties, based on laboratory 
tests and specified, supervised installation 
procedures. 

EPDM Ethylene propylene diene mono- 
mer, a synthetic rubber material used in 
roofing membranes. 

Erosion control plan A scheme for pre- 
venting the loss of soil from a site during 
a construction project. 

Excavation Cutting into land for the 
purpose of construction. 

Expanded metal lath A thin sheet of 
metal that has been slit and stretched to 
transform it into a mesh, used as a base 
for the application of plaster. 

Expansion joint A surface divider joint 
that provides space for the surface to ex- 
pand. In common usage, a building sepa- 
ration joint. 

Exposed aggregate finish A concrete 
surface in which the coarse aggregate is 
revealed. 

Exposure durability classification <A sys- 
tem for categorizing wood panel products 
according to their weather resistance. 
Extended-life admixture A substance 
that retards the onset of the curing re- 
action in mortar so that the mortar may 
be used over a protracted period of time 
after mixing. 

Exterior insulation and finish system 
(EIFS) A cladding system that consists of 
a thin layer of reinforced stucco applied 
directly to the surface of an insulating 
plastic foam board. The board, in turn, is 
adhered or fastened mechanically to the 
structural or backup wall of the building. 


[Extrusion The process of squeezing a 
material through a shaped orifice to pro- 
duce a linear element with the desired 
cross section; an element produced by 
this process. 


F 


Face nail A nail driven through the side 
of one wood member into the side of an- 
other. 

Facing, fireplace A decorative layer of 
ceramic tile or masonry around the open- 
ing of a fireplace. 

Facing brick A brick selected on the ba- 
sis of appearance and durability for use in 
the exposed surface of a wall. 

Fahrenheit A temperature scale on 
which the boiling point of water is fixed 
at 212° and the freezing point, at 32°. 
Fan A device for moving air. In build- 
ings, it is invariably powered by electricity. 
Fan-coil unit A heating device in which 
an electric fan circulates room air past a 
coil of pipe, through which hot water is 
circulated. 

Fanlight <A semicircular or semielliptical 
window above an entrance door, often with 
radiating muntins that resemble a fan. 
Farmer’s valley A valley created by fram- 
ing a roof entirely on top of the rafters and 
sheathing of the roof that it intersects. 
Fascia The exposed vertical face of an 
eave. 

Felt A thin, flexible sheet material made 
of soft fibers pressed and bonded togeth- 
er. In building practice, a thick paper or a 
sheet of glass or plastic fibers. 

Fiberboard A panel made with wood 
fibers bonded together with a resin adhe- 
sive under heat and pressure. 

Fiberglass mesh tape A wide self-adhering 
tape used at the joints between gypsum 
board panels with a veneer plaster finish- 
ing system. 

Fibrous admixture Short fibers of glass, 
steel, or polypropylene mixed into con- 
crete to act as reinforcement against plas- 
tic shrinkage cracking. 

Fieldstone Rough building stone gath- 
ered from riverbeds and fields. 

Figure The surface pattern of the grain 
of a piece of smoothly finished wood or 
stone. 

Fill, compacted Earth that has been de- 
posited and tamped in accordance with 
an engineer’s directions in order that it 
may have specified structural properties. 


Fill, compacted gravel Crushed stone 
or gravel that has been deposited and 
tamped in accordance with an engineer’s 
directions in order that it may have speci- 
fied structural properties. 

Filter fabric A textile used to prevent 
soil particles from entering an open 
drainage medium such as crushed stone. 

Finger joint A glued end connection be- 
tween two pieces of wood, using an inter- 
locking pattern of deeply cut “fingers.” A 
finger joint creates a large surface for the 
glue bond, allowing it to develop the full 
tensile strength of the wood that it con- 
nects. 

Finial An ornament at the top of a roof 
or spire. 

Finish Exposed to view; material that is 
exposed to view. 


Finish carpenter One who does finish 
carpentry. 

Finish carpentry The wood components 
exposed to view on the interior of a build- 
ing, such as window and door casings, 
baseboards, bookshelves, and the like. 
Finish coat The final coat of plaster or 
paint. 

Finish floor The floor material exposed 
to view, as differentiated from the sub- 
floor, which is the loadbearing floor sur- 
face beneath. 

Finish grade The final level of the top- 
soil around a building. 

Finish lime A fine grade of hydrated 
lime used in finish coats of plaster and in 
ornamental plasterwork. 

Fin-tube convector A pipe covered 
with metal fins and enclosed in a sheet 
metal housing and used to distribute 
heat from circulating hot water to the 
air of a room. 

Fire blocking Framing across cavities to 
prevent fire from passing through the cav- 
ity from one area to another. 

Firebox The fireplace chamber in 
which the fire is built and maintained. 
Firebrick, refractory A brick made from 
special clays to withstand very high tem- 
peratures, as in a fireplace, furnace, or 
industrial chimney. 

Fireclay A clay that, when dry, is highly 
resistant to decomposition by high heat. 
Fireplace <A _ heat-resistant enclosure 
with a flue to safely contain a fire within 
a building. 

Fireplace, factory-built A metal firebox 
with refractory lining that is installed into 
a building as a unit. 


Fireplace, masonry A site-built fireplace 
made entirely of bricks, CMU, and/or 
stone. 

Fireplace, Rumford A masonry fire- 
place designed to maximize radiation of 
heat by means of a shallow, tall firebox 
with widely splayed sides, as developed in 
the 18th century by Count Rumford. 
Fireplace, zero-clearance A factory-built 
fireplace that is approved to be located 
immediately adjacent to wood framing. 
Fireplace surround The decorative trim 
that closes the gap between the masonry 
front of a fireplace and the surrounding 
wall surface. 

Fireproofing Material used around a 
steel structural element to insulate it against 
excessive temperatures in case of fire. 


Fire-rated An assembly or material that 
has been tested to resist fire for an estab- 
lished amount of time. 


Fire-resistance rating The time in hours 
or fractions of an hour that a material or 
assembly will resist fire exposure as deter- 
mined by ASTM E119. 

Fire resistant Noncombustible; slow to 
be damaged by fire; forming a barrier to 
the passage of fire. 

Fire separation Code-mandated isola- 
tion of parts of a building, accomplished 
by means of wall and floor assemblies that 
are rated in relation to their resistance to 
the passage of a fire from one side to the 
other. 


Fire sprinkler system, multipurpose A 
system that is integrated with potable wa- 
ter supply piping. 

Fire sprinkler system, stand-alone A sys- 
tem that serves no purpose other than to 
extinguish fires. 


Firestop A wood or masonry baffle used 
to close an opening between studs or 
joists in a balloon or platform frame in 
order to retard the spread of fire through 
the opening. 

Firestopping A component or mastic in- 
stalled in an opening through a floor or 
around the edge of a floor to retard the 
passage of fire. 


Fire wall A wall extending from founda- 
tion to roof, required under a building 
code to separate two parts of a building 
from one another as a deterrent to the 
spread of fire. 

Fire zone A legally designated area of 
a city in which construction must meet 
established standards of fire resistance 
and/or combustibility. 


Glossary / 651 


Firing The process of converting dry 
clay or shale into a ceramic material 
through the application of intense heat. 
First cost The cost of construction. 
Fixed window Glass immovably mount- 
ed in a wall. 

Flagstone Flat stones used for paving or 
flooring. 

Flame-spread rating A measure of the 
rate at which fire will spread across the 
surface of a finish material. 

Flange A projecting crosspiece of a 
wide-flange or channel profile; a project- 
ing fin. 

Flashing A thin, continuous sheet of 
metal, plastic, rubber, or waterproof pa- 
per used to prevent the passage of water 
through a joint in a wall, roof, or chimney. 
Flat A single-story apartment that is 
stacked above or below other apartments. 
Flat grain lumber Lumber that has been 
plainsawn, resulting in a broad grain 
figure. 

Flatwork Concrete slabs on grade. 
Flex-duct Air ducting that is easily bent 
to change its direction. 

Float A trowel with a slightly rough sur- 
face used in an intermediate stage of fin- 
ishing a concrete slab; as a verb, to use a 
float for finishing concrete. 

Float glass Glass sheet manufactured by 
cooling a layer of liquid glass on a bath of 
molten tin. 

Floating floor A finish floor surface of 
wood or plastic laminate that is not at- 
tached directly to the subfloor and is thus 
free to expand and contract. 

Flue A passage for smoke and combus- 
tion products from a furnace, stove, water 
heater, or fireplace. 

Flue, Class A An insulated flue made of 
stainless steel intended for use with solid 
fuel fireplaces and stoves. 

Fluid-applied roof membrane A _ roof 
membrane applied in one or more coats 
of a liquid that cure to form an impervi- 
ous sheet. 

Flush Smooth, lying in a single plane. 
Flush door A door with smooth, planar 
faces. 

Fly ash A waste product of coal-fired 
power plants, used as a concrete admix- 
ture. 

Fly rafter A rafter in a rake overhang; 
also known as a barge rafter. 
Foamed-in-place insulation A __plas- 
tic thermal insulating material that is 
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sprayed, injected, or poured into a build- 
ing cavity as a liquid that expands to 
become a lightweight foam. 

Foil-backed gypsum board Gypsum 
board with aluminum foil laminated to its 
back surface to act as a vapor retarder and 
thermal insulator. 

Footing The widened part of a founda- 
tion that spreads a load from the building 
across a broader area of soil. 

Footing, strip or wall A footing that sup- 
ports a wall. 

Forced-air heating system A system that 
maintains thermal comfort in a building 
by distributing heated air through ducts 
to the various rooms. 

Form-release compound A _ substance 
applied to concrete formwork to prevent 
concrete from adhering. 

Form tie A steel or plastic rod with fas- 
teners on each end, used to hold together 
the two surfaces of formwork for a con- 
crete wall. 


Formwork Temporary structures of 
wood, steel, or plastic that serve to give 
shape to poured concrete and to support 
it and keep it moist as it cures. 
Foundation The portion of a building 
that has the sole purpose of transmitting 
structural loads from the building into 
the earth. 

Foundation wall A vertical, planar part 
of a foundation. 

Four-way switch A switch that allows a 
light to be turned on and off indepen- 
dently from three or more locations. 
Frame, light-gauge steel A framing sys- 
tem very similar to wood platform fram- 
ing but made up entirely of components 
made by bending sheet steel. 

Frame size The actual width and height 
of a window or door assembly that will fit 
into a rough opening. 

Framing plan A diagram showing the 
arrangement and sizes of the structural 
members in a floor or roof. 

French door A symmetrical pair of 
glazed doors hinged to the jambs of a 
single frame and meeting at the center of 
the opening. 

Frictional soil A soil such as sand that 
has little or no attraction between its 
particles and derives its strength from 
geometric interlocking of the particles; a 
noncohesive soil. 

Frieze block A wood block fastened be- 
tween rafters at the eave to prevent their 


rotation, used to allow air to flow through 
the attic or the space below the roof 
sheathing. 

Frieze vent A roof or attic ventilator lo- 
cated at the eave of a building between 
rafters. 

Frost line The depth in the earth to 
which the soil can be expected to freeze 
during a severe winter. 

Furnace A device that burns fuel and 
transfers the heat of combustion to air for 
the purpose of heating a building. 
Furring channel A formed sheet metal 
furring strip. 

Furring strip A length of wood or 
metal attached to a masonry or con- 
crete wall to permit the attachment of 
finish materials to the wall using nails 
or screws. 


G 

Gable The triangular wall beneath the 
end of a gable roof. 

Gable end vent A screened, louvered 
opening in a gable, used for exhausting 
excess heat and humidity from an attic. 
Gable roof A roof consisting of two op- 
positely sloping planes that intersect at a 
level ridge. 

Galvanizing The application of a zinc 
coating to steel as a means of preventing 
corrosion. 

Gambrel A roof shape consisting of two 
superimposed levels of gable roofs with 
the lower level at a steeper pitch than the 
upper. 

Gasket A dry, resilient material used to 
seal a joint between two rigid assemblies 
by being compressed between them. 
Gauge A measure of the thickness of 
sheet material or of the diameter of a 
wire. 

Gauged brick Brick that has been 
shaped by rubbing it on abrasive stone. 
General contractor A contractor who 
has responsibility for the overall conduct 
of a construction project. 

Geotextile A synthetic cloth used be- 
neath the surface of the ground to stabi- 
lize soil or promote drainage. 

GFI See Ground fault interrupter. 
GFRC 
crete. 


See Glass-fiber-reinforced con- 


Girder A horizontal beam that supports 
other beams; a very large beam, especially 
one that is built up from smaller elements. 


Glass block A hollow masonry unit 
made of glass. 

Glass fiber batt A thick, fluffy, nonwo- 
ven insulating blanket of filaments spun 
from glass. 

Glass-fiber-reinforced concrete (GFRC) 
Concrete reinforced with an admixture of 
very short glass fibers. 
Glass-fiber-reinforced plastic (GFRP) 
Glass fiber and polymer compounds used 
in construction for the production of win- 
dows, doors, balustrades, cornices, and 
more. 

Glaze A glassy finish on a brick or tile; as 
a verb, to install glass. 

Glazed Fitted with sheets of glass; coat- 
ed with a vitrified layer. 

Glazed area The total collective area of 
glass in a building, used to calculate heat 
loss. 

Glazier One who installs glass. 

Glazier’s points Small pieces of metal 
driven into a wood sash to hold the glass 
in place. 

Glazing The act of installing glass; in- 
stalled glass; as an adjective, referring to 
materials used in installing glass. 

Glazing, double or triple An opening 
fitted with two or three parallel sheets of 
glass with airspaces between. 

Glazing, single An opening fitted with a 
single sheet of glass. 

Glazing compound Any of a number of 
types of mastic used to bed small lights of 
glass in a frame. 

Glue-laminated timber A timber made 
up of a large number of small strips of 
wood glued together. 

Glulam A short expression for glue- 
laminated timber. 

Grade _ A classification of size or quality 
for an intended purpose; to classify as to 
size or quality. 

Grade The surface of the ground; to 
move earth for the purpose of bringing 
the surface of the ground to an intended 
level or profile. 

Grade beam A _ reinforced concrete 
beam that transmits the load from a bear- 
ing wall into spaced foundations, such as 
pile caps or caissons. 

Grading, finish Final placement 
and smoothing of the soil around a 
building. 

Grading, rough Bringing the soil up to 
its approximate final level on the site by 
means of power equipment. 


Grain In wood, the direction of the lon- 
gitudinal axes of the wood fibers or the 
figure formed by the fibers. 


Granite Igneous rock with visible crys- 
tals of quartz and feldspar. 


Gravel base The cushion of gravel or 
crushed stone beneath a slab on grade. 


Green building Building to satisfy the 
needs of the current generation without 
compromising the ability of future gen- 
erations to satisfy their needs. 


Ground A strip attached to a wall or ceil- 
ing to establish the level to which plaster 
should be applied. 


Ground An electric wire that is connect- 
ed to the earth; the earth itself. 


Ground fault A circuit that is acciden- 
tally completed through the earth, such 
as a worker standing in mud and touch- 
ing a live wire. 

Ground fault interrupter (GFI) A 
device that shuts off the electricity in 
a circuit if any current is leaked to the 
ground. 


Grounding wire An uninsulated electric 
wire that connects electrical equipment 
to ground for the purpose of safety. 
Grout A high-slump mixture of port- 
land cement, aggregates, and water that 
can be poured or pumped into cavities in 
concrete or masonry for the purpose of 
embedding reinforcing bars and/or in- 
creasing the amount of loadbearing mate- 
rial in a wall; a specially formulated, mor- 
tarlike material for filling joints under 
steel baseplates and around connections 
in precast concrete framing; a mortar 
used to fill joints between ceramic tiles or 
quarry tiles. 

Growth characteristics Discontinuities 
in lumber created by the natural growth 
processes of trees, such as knots and bark 
pockets. 


Gunnable sealant A sealant material 
extruded in liquid or mastic form from a 
sealant gun. 

Gusset plate A flat steel plate used to 
connect the members of a truss; a stiff- 
ener plate. 


Gutter A channel that collects rainwater 
and snowmelt at the eave of a roof. 


Gutter, continuous metal A roof water 
channel made from sheet metal on the 
building site, which allows it to be made 
in lengths that are longer than prefabri- 
cated gutters. 


Gypsum Hydrous calcium sulfate. 


Gypsum backing board A_ lower-cost 
gypsum panel intended for use as an in- 
terior layer in multilayer constructions of 
gypsum board. 

Gypsum board An interior facing panel 
consisting of a gypsum core sandwiched 
between paper faces; also called drywall, 
plasterboard. 

Gypsum board, water-resistant Gypsum 
board formulated and manufactured so 
as to have increased resistance to mois- 
ture. 

Gypsum lath Small sheets of gypsum 
board manufactured specifically for use 
as a plaster base. 

Gypsum plaster Plaster whose cement- 
ing substance is gypsum. 

Gypsum sheathing panel A _ water- 
resistant, gypsum-based sheet material 
used for exterior sheathing. 


Gypsum wallboard See Gypsum board. 


H 


Hardboard A very dense panel prod- 
uct, usually with at least one smooth face, 
made of highly compressed wood fibers. 


Hardwood A_ deciduous wood 


from a deciduous tree. 


tree; 


Hawk A square piece of sheet metal with 
a perpendicular handle beneath, used by 
a plasterer to hold a small quantity of wet 
plaster and transfer it to a trowel for ap- 
plication to a wall or ceiling. 

Header In wood light framing, a struc- 
tural member that spans an opening in a 
wall or a joist that supports other joists; in 
steel construction, a beam that spans be- 
tween girders; in masonry, a brick or other 
masonry unit laid across two wythes with its 
end exposed in the face of the wall. 

Head joint The vertical layer of mortar 
between ends of masonry units. 

Head saw A large saw that makes the 
initial cuts in a log to begin the process of 
lumber production. 

Hearth The noncombustible floor area 
outside a fireplace opening. 

Heartwood The dead wood cells in the 
center region of a tree trunk. 

Heater, wall A device installed in a wall 
for the purpose of warming a room. 
Heat-fuse To join by softening or melt- 
ing the edges with heat and pressing 
them together. 

Heating element A device that intro- 
duces heat into water or air, such as an 
electric resistance coil. 
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Heat of hydration The thermal energy 
given off by concrete or gypsum as it 
cures. 

Heat pump A device that uses a refrig- 
eration cycle either to heat or to cool a 
building by passing air or water over ei- 
ther the condensing coils or the evaporat- 
ing coils, respectively. 

Heat recovery ventilator (HRV) A me- 
chanical device that captures the heat 
or cold from air being exhausted from a 
building and transfers that heat or cold to 
incoming air. Also known as an “Energy 
Recovery Ventilator (ERV).” 

Heating cable An electric cable that is 
incorporated into the surface of ceilings 
or walls as a source of radiant heat. 
Heaving The forcing upward of ground 
or buildings by the action of frost. 

Heavy timber construction Framing a 
building with timbers nominally 6 inches 
(150 mm) in thickness or greater. 
High-range sealant A sealant capable of 
a high degree of elongation without rup- 
ture. 

High-voltage line A wire that carries 
electricity at a very high potential in or- 
der to reduce transmission losses over 
long distances. 

Hinge A pivoting device that supports a 
door or window and allows it to swing in 
an arc. 

Hinge, butt A hinge attached to the 
edge of a door as well as the surrounding 
frame. 

Hinge, fully concealed A cabinet door 
hinge that has no exposed components 
when the door is closed. 

Hinge, self-closing A cabinet door 
hinge that is spring loaded and closes au- 
tomatically when the door is released. 
Hip The diagonal intersection of planes 
in a hip roof. 

Hip roof A roof consisting of four slop- 
ing planes that intersect to form a pyrami- 
dal or elongated pyramid shape. 
Hold-down A metal device that con- 
nects a building frame to its foundation 
in such a way that the frame cannot be 
lifted up by external forces such as wind 
or earthquake. 

Hollow concrete masonry Concrete ma- 
sonry units that are manufactured with 
open cores, such as ordinary concrete 
blocks. 

Hollow core door A door consisting of 
two face veneers separated by an airspace, 
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with solid wood spacers around the four 
edges. The face veneers are usually con- 
nected by a grid of thin spacers within the 
airspace. 

Hollow-core slab A _ precast concrete 
slab that has longitudinal round cavities 
to reduce its self-weight. 

Hook A semicircular bend in the end of 
a reinforcing bar, made for the purpose 
of anchoring the end of the bar securely 
into the surrounding concrete. 

Hopper window A window whose sash 
pivots on an axis along or near the sill, 
and that opens by tilting toward the inte- 
rior of the building. 

Horizontal force A force whose direc- 
tion of action is horizontal or nearly hori- 
zontal. See also Lateral force. 

Housewrap A sheet material that does 
not allow the passage of air or liquid water 
but permits the passage of water vapor, ap- 
plied to the outside of the wall sheathing. 
Humidifier A device that adds moisture 
vapor to air. 

HVAC systems Heating, ventilating, and 
air-conditioning systems. 

Hydrated lime Calcium hydroxide pro- 
duced by burning calcium carbonate to 
form calcium oxide (quicklime), then 
allowing the calcium oxide to combine 
chemically with water. 

Hydration A _ process of combining 
chemically with water to form molecules 
or crystals that include hydroxide radicals 
or water of crystallization. 

Hydraulic elevator An _ elevator that 
raises and lowers by means of fluid that 
is pumped. 

Hydronic baseboard system A heating 
system in which warm water is circulated 
through baseboard fin-tube convectors 
that run along the wall/floor junction. 
Hydronic heating system A system that 
circulates warm water through convectors 
to heat a building. 

Hydronic tubing Plastic or metal tubing 
used to circulate warm water through a 
radiant floor or radiant panel. 
Hydrostatic pressure Pressure exerted 
by standing water. 

Hygroscopic Readily absorbing and re- 
taining moisture. 


I 
IBC [International Building Code. 


Ice-and-water shield A modified bi- 
tumen sheet material installed under 


shingles near the eaves of a roof or in oth- 
er locations where ice damming may be 
a problem. The sticky material of which 
the sheet is made seals around nails that 
are driven through it and maintains the 
watertightness of the sheet. 

Ice dam An obstruction along the eave 
of a roof caused by the refreezing of water 
emanating from melting snow on the roof 
surface above. 

ICF See Insulating concrete form. 


Igneous rock Rock formed by the solidi- 
fication of magma. 

Ijoist A manufactured wood framing 
member whose cross-sectional shape re- 
sembles the letter /. 

Impact noise Noise generated by foot- 
steps or other impacts on a floor or other 
building surface. 

Infiltration The unintentional inward 
or outward leakage of air between in- 
doors and outdoors through walls, floors, 
roofs, and around windows and doors. 
Insect screen Small-scale mesh used to 
cover openings in buildings to prevent 
the intrusion of insects. 

Insulating concrete form (ICF) A hol- 
low block made of polystyrene foam. 
Blocks are stacked into walls, after which 
reinforcing bars are placed in the cavities 
and the cavities are filled with concrete to 
produce a strong, well-insulated wall. 
Insulating glass Double or triple glaz- 
ing. 

Insulation, exterior Insulating foam 
panels attached to the outside of an ex- 
terior wall. 

Insulation, perimeter Insulating foam 
installed around the outside edges of a 
floor slab. 

Insulation, rigid board Any of a number 
of insulating panels. 

Insulation, spray foam A two-part liquid 
that combines as it is sprayed into cavities, 
where it adheres to surfaces and expands 
to form a rigid cellular insulating material 
that also acts as an effective air barrier. 
Insulation, thermal A material with a 
low thermal conductivity that is included 
in a building assembly for the purpose of 
reducing heat flow through the assembly. 
Insulation, within-the-wall Insulating 
material in the cavities of concrete ma- 
sonry units or within the frame of an ex- 
terior wall. 

Insured Covered by a contract or con- 
tracts that will pay for damages or ex- 


penses in the event that specified things 
go wrong. 

Interior decorator One who designs 
rooms, including paint colors, wallpaper 
patterns, floorcoverings, and furnishings. 
Interior designer One licensed by a 
state to practice interior decoration. 
Interlayment Heavy asphalt-saturated 
felt that is placed between courses of 
wood shakes on a roof. 

IRC International Residential Code. 


Iron In pure form, a metallic element. 
In common usage, ferrous alloys oth- 
er than steels, including cast iron and 
wrought iron. 

Irrigation system A _ built-in arrange- 
ment of pipes and fittings designed to 
supply water to lawns and planting beds. 
Isocyanurate foam A_ thermosetting 
plastic foam with thermal insulating prop- 
erties. 


J 

Jack A device for exerting a large force 
over a short distance, usually by means of 
screw action or hydraulic pressure. 

Jack rafter A shortened rafter that joins 
a hip or valley rafter. 

Jamb_ The vertical side of a door or win- 
dow; the frame around a door or window. 
Joinery A joint between materials or the 
action of making it. 

Joint compound A paste filler that is ap- 
plied to the edges and fastener holes of 
gypsum wallboard to hide them and to 
create an apparently monolithic surface. 
Joist One of a parallel array of light, 
closely spaced beams used to support a 
floor deck or flat roof. 

Joist, ceiling A joist that supports a 
ceiling. 

Joist, floor A joist that supports a floor. 
Joist hanger A metal device, attached 
with nails, that connects a joist to a header 
or beam. 


K 


Key A slot formed in a concrete sur- 
face for the purpose of interlocking with 
a subsequent pour of concrete; a slot at 
the edge of a precast member into which 
grout will be poured to lock it to an adja- 
cent member; a mechanical interlocking 
of plaster with lath. 

Kiln A furnace for firing clay or glass 
products; a heated chamber for seasoning 


wood; a furnace for manufacturing quick- 
lime, gypsum hemihydrate, or portland 
cement. 

Kiln drying The most common method 
of rapidly reducing the moisture content 
of wood. 

King stud A full-length stud adjacent to 
a trimmer stud. 

Kneeboard A piece of wood or panel 
material on which a concrete finisher 
may stand or kneel in order to avoid foot- 
prints or kneeprints in an uncured con- 
crete slab. 

Knee brace A short diagonal brace be- 
tween a column and a beam. 

Knee wall A short wall under the slope 
of a roof. 

Knot A circular or elliptical inclusion in 
the grain pattern of wood caused by the 
joining of a branch with the trunk. 
Knothole A hole in a piece of lumber 
caused by the loss of a knot. 


L 


Lacquer A coating that dries extremely 
quickly through evaporation of a volatile 
solvent. 

Lag screw A large-diameter wood screw 
with a square or hexagonal head. 
Laminate As a verb, to bond together in 
layers; as a noun, a material produced by 
bonding together layers of material. 
Laminated glass A glazing material con- 
sisting of outer layers of glass bonded to 
an inner layer of transparent plastic. 
Laminated veneer lumber (LVL) Wood 
members that are made up of thin wood 
veneers joined with glue. 


Laminated wood See Glue-laminated 


timber. 

Laminate flooring A finish floor ma- 
terial that consists of a plastic laminate 
upper face bonded to a wood composite 
backing. 

Landing A platform in or at either end 
of a stair. 

Land planner One who determines the 
physical layout of a housing development, 
including property lines, building place- 
ments, streets, drainage, utilities, and so 
forth. 

Landscape architect One who 
censed by a state government to prepare 
designs and plans for outdoor plantings, 
pavings, and construction. 


is li- 


Lap joint A connection in which one 
piece of material is placed partially over 


another piece before the two are fastened 
together. 


Laser level A device that uses a laser to 
establish level planes on a building site, 
from which measurements may be taken 
to locate floors, ceilings, and other por- 
tions of a building. 

Lateral force A force acting generally 
in a horizontal direction, such as wind, 
earthquake, or soil pressure, against a 
foundation wall. 

Lateral thrust The horizontal compo- 
nent of the force produced by an arch, 
dome, vault, or rigid frame. 

Latex caulk A low-range sealant based 
on a synthetic latex. 

Lath (rhymes with “math”) A base mate- 
rial to which plaster is applied. 

Lathe (rhymes with “bathe”) A machine 
in which a piece of material is rotated 
against a sharp cutting tool to produce a 
shape, all of whose cross sections are cir- 
cles; a machine in which a log is rotated 
against a long knife to peel a continuous 
sheet of veneer. 


Lather (rhymes with “rather”) One who 
applies lath. 


Leach line A perforated pipe that dis- 
tributes septic tank effluent into a drain 
field. 


Lead (rhymes with “bead”) In masonry 
work, a corner or wall end accurately con- 
structed with the aid of a spirit level to 
serve as a guide for placing the bricks in 
the remainder of the wall. 


Leader (rhymes with “feeder”) A verti- 
cal pipe for conducting runoff water from 
a roof to a lower level. 

Leaf A separately movable division of a 
sliding or hinged door; one of a pair of 
doors. 

Let-in bracing Diagonal bracing that 
is nailed into notches cut in the face of 
the studs so that it does not increase the 
thickness of the wall. 


Level cut A saw cut that produces a level 
surface at the lower end of a sloping raf- 
ter when the rafter is in its final position. 

Licensed Certified by a state govern- 
ment as being competent to practice a 
profession or trade. 


Life-cycle cost A cost that takes into 
account both the first cost and the costs 
of maintenance, replacement, fuel con- 
sumed, monetary inflation, and _ inter- 
est over the lifetime of the object being 
evaluated. 
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Lift A horizontal layer of material that is 
all deposited at one time, such as a layer 
of earth deposited for compaction or a 
layer of concrete in a form. 


Light A sheet of glass; often spelled lite. 


Light fixture, recessed A light fixture 
that is built into the ceiling and is in- 
stalled with rough-in electrical work. 


Light fixture, surface-mounted Any 
light fixture that mounts on a wall or ceil- 
ing or other surface of a building after it 
has been completed. 


Light-gauge steel stud A length of thin 
sheet metal folded into a stiff shape and 
used as a wall framing member. 


Lighting, line voltage Bulbs or tubes 
that are powered by electricity at 110 to 
120 volts. 


Lighting, low-voltage Bulbs or tubes that 
are powered by electricity at such a low 
voltage that there is no danger of electric 
shock. 


Lighting fixture A manufactured device 
that holds one or more light bulbs to il- 
luminate a space or area. 

Lignin The natural cementing  sub- 
stance that binds together the cellulose 
in wood. 


Lime Calcium oxide or magnesium ox- 
ide (quicklime); calcium hydroxide or 
magnesium hydroxide (slaked lime). 
Limestone A sedimentary rock consist- 
ing of calcium carbonate, magnesium 
carbonate, or both. 

Line block A small L-shaped clip, de- 
signed to hold a mason’s line precisely at 
the top of a course of brick or block. 


Linoleum A resilient floorcovering ma- 
terial composed primarily of ground cork 
and linseed oil on a burlap or canvas 
backing. 

Lintel A beam that carries the load of a 
wall across a window or door opening. 


Liquid sealant See Gunnable sealant. 


Listing agreement A contract between 
a realtor and the owner of one or more 
buildings, for the purpose of selling the 
building (s). 


Lite See Light. 
Live load The weight of snow, people, 
furnishings, machines, vehicles, and 


goods in or on a building. 

Load A weight or force acting on a 
structure. 

Loadbearing Supporting a 
posed weight or force. 


superim- 
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Local source heaters Space heating de- 
vices that are totally self-contained, need- 
ing no connection to hydronic piping or 
ducts. 

Lockset A prefabricated hardware as- 
sembly for a door that includes a latch 
and a deadbolt. 

Log construction Walls made of tree 
trunks laid horizontally one atop another, 
notched together at corners and chinked 
to seal cracks between logs. 

Log construction, chinked style Log 
walls made weathertight by inserting seal- 
ant or compressible material between the 
logs. 

Log construction, full-scribed style Log 
walls in which adjacent logs are cut to 
mate snugly together. 

Log walls, settling of The large vertical 
shrinkage that occurs when stacked logs 
in a wall dry out. 

Lookout A _ short structural member, 
running perpendicular to the rafters in a 
roof, that supports a rake overhang. 
Loose-fill insulation Thermal insulating 
material installed in a particulate form 
so as to pour and fill space easily in such 
locations as the cores of hollow masonry 
units or the spaces between ceiling joists. 
Louver An array of numerous sloping, 
closely spaced slats used to diffuse air or 
to prevent the entry of rainwater into a 
ventilating opening. 

Low-emissivity (low-e) coating A surface 
coating for glass that permits the passage 
of most shortwave electromagnetic radia- 
tion (light and heat), but reflects most 
longer-wave radiation (heat). 

Low-range sealant A sealant capable of 
only a slight degree of elongation prior to 
rupture. 

Low-slope roof A roof pitched at an 
angle so near to horizontal that it must be 
made waterproof with a continuous mem- 
brane rather than shingles; commonly 
and inaccurately referred to as a flat roof. 
Lumber Wood members that are ready 
for use in construction. 

Lumber, green Lumber that has not 
been dried. 


LVL _ See Laminated veneer lumber. 


M 


Machine-graded lumber Lumber whose 
structural capacity has been determined 
and stamped on each piece of lumber by 
automatic machinery. 


Main, water A large, underground pipe 
that brings municipal water to a location 
just outside the boundaries of a piece of 
land. 

Main disconnect A circuit breaker that 
can be tripped to shut off all flow of elec- 
tricity to a building. 

Main panel The group of circuit break- 
ers, mounted in a steel box, from which 
electricity is distributed throughout a 
building. 

Making up a box Pulling cables into an 
electrical box, clamping them to the box, 
and stripping the sheath and insulation 
from the ends of the wires. 

Mantel A shelf above a fireplace opening. 
Manufactured housing Dwellings assem- 
bled largely in a factory, with a relatively 
minor proportion of assembly work re- 
maining to be done on the building site. 
Manufactured stone Artificial stone, 
usually made from portland cement con- 
crete. 

Marble A metamorphic rock formed 
from limestone by heat and pressure. 
Mason One who builds with bricks, 
stones, or concrete masonry units; one 
who works with concrete. 


Masonry Brickwork, concrete —block- 


work, and stonework. 

Masonry, loadbearing Masonry that sup- 
ports a structural load, as distinguished 
from masonry that acts as a surface finish 
only. 

Masonry, reinforced Masonry in which 
steel reinforcing bars have been embed- 
ded in order to provide tensile strength. 
Masonry, unreinforced Masonry with- 
out steel reinforcing bars. 

Masonry cement Portland cement with 
dry admixtures designed to increase the 
workability of mortar. 

Masonry opening The clear dimension 
required in a masonry wall for the instal- 
lation of a specific window or door unit. 
Masonry unit A brick, stone, concrete 
block, glass block, or hollow clay tile in- 
tended to be laid in mortar. 

Masonry veneer A single wythe of ma- 
sonry used as a facing over a frame of 
wood or metal. 

Mass, thermal The property of being 
able to absorb and hold large quantities 
of heat. 

MasterFormat The copyrighted title 
of a uniform indexing system for con- 
struction specifications, as created by the 


Construction Specifications Institute and 
Construction Specifications Canada. 
Mastic A viscous, doughlike, adhesive 
substance; any of a large number of for- 
mulations for different purposes, such as 
sealants, adhesives, glazing compounds, 
or roofing cements. 

MDF Medium-density fiberboard. 
Medium-range sealant A sealant mate- 
rial capable of a moderate degree of elon- 
gation before rupturing. 

Meeting rail The wood or metal bar 
along which one sash of a double-hung, 
single-hung, or sliding window seals 
against the other. 

Member An element of a structure, 
such as a beam, a girder, a column, a joist, 
a piece of decking, a stud, or a compo- 
nent of a truss. 

Membrane A sheet material that is im- 
pervious to water or water vapor. 

MEP systems A common abbreviation 
for “mechanical, electrical, and plumbing 
systems.” 

Metal lath A steel mesh used primarily 
as a base for the application of plaster or 
stucco. 

Metamorphic rock A rock created by 
the action of heat or pressure on a sedi- 
mentary rock or soil. 

Meter base A box on which an electric 
meter is mounted. 

Mil One one-thousandth of an inch. 
Mild steel Ordinary structural steel, 
containing less than three-tenths of 1 per- 
cent carbon. 

Milling Shaping or planing by using a 
rotating cutting tool. 

Millwork Wood interior finish compo- 
nents of a building, including moldings, 
windows, doors, cabinets, stairs, mantels, 
and the like. 

Miter A diagonal cut at the end of a 
piece; the joint produced by joining two 
diagonally cut pieces at right angles. 
Mobile home Euphemism for a_por- 
table house that is entirely factory built 
on a steel underframe and supported by 
wheels. 

Model building code A code offered 
by a recognized national organization as 
worthy of adoption by state or local gov- 
ernments. 

Modified bitumen A natural bitumen 
with admixtures of synthetic compounds 
that enhance such properties as flexibil- 
ity, plasticity, and durability. 


Modular Conforming to a multiple of a 
fixed dimension. 

Modular home Euphemism for a house 
assembled on a site from two or more 
boxlike factory-built sections. 

Modulus of elasticity An index of the 
stiffness of a material, derived by measur- 
ing the elastic deformation of the mate- 
rial as it is placed under stress and then 
dividing the stress by the deformation. 
Moisture barrier A membrane used 
to prevent the migration of liquid water 
through a floor or wall. 

Molding A strip of wood, plastic, or plas- 
ter with an ornamental profile. 

Molding plaster A fast-setting gypsum 
plaster used for the manufacture of cast 
ornament. 

Moment A twisting action; a torque; a 
force acting at a distance from a point in 
a structure so as to cause a tendency of 
the structure to rotate at that point. 
Momentum The energy possessed by a 
moving body. 

Monolithic Ofa single massive piece. 
Mortar A substance used to join mason- 
ry units, consisting of cementitious mate- 
rials, fine aggregate, and water. 

Mortar, refractory A mortar especially 
formulated to withstand high tempera- 
tures. 

Mortgage A long-term loan on a piece 
of property. 

Mortise and tenon A joint in which a 
tonguelike protrusion (tenon) on the 
end of one piece is tightly fitted into a 
rectangular slot (mortise) in the side of 
the other piece. 

Mudsill The wood strip bolted to the 
top of a foundation as a starting point for 
framing. 

Mud slab A weak concrete pad used to 
create a level, dry base in an irregular, wet 
excavation. 

Mulch A granular or fibrous material 
spread over the ground to discourage 
weed growth and retain moisture in the 
soil. 

Mullion A vertical or horizontal bar 
between adjacent window or door units; 
a framing member in a metal-and-glass 
curtain wall. 

Multiunit structures Buildings that con- 
tain more than one dwelling unit. 
Muntin A small vertical or horizontal 
bar between small lights of glass in a sash. 
Muriatic acid Hydrochloric acid. 


N 

NAHB The National Association of 
Home Builders. 

Nail A sharpened steel pin, driven with 
a hammer or pneumatic gun, used to con- 
nect pieces of wood. 

Nail, bright A plain steel nail. 

Nail, common A nail with a large, disk- 
like head. 

Nail, finish A nail with a minimal head, 
used to attach casings and millwork. 

Nail, galvanized A nail coated with zinc 
to control corrosion. 

Nail-base sheathing A sheathing mate- 
rial, such as wood boards or plywood, to 
which siding can be attached by nailing, 
as differentiated from material such as 
cane fiberboard or plastic foam board 
that is too soft to hold nails. 

Nail gun A device that uses a piston acti- 
vated by compressed air to drive a nail in 
response to a single pull of a trigger. 
Nailing fin A flange around the outside of 
a window or door unit that lies flat against 
the wall sheathing, through which nails are 
driven to fasten the unit to the wall. 
Nailing plate A metal plate used on 
wood framing to protect electrical wires 
and plumbing pipes from nails and other 
fasteners during construction. 

Nail popping The loosening of nails 
holding gypsum board to a wall, caused 
by drying shrinkage of the studs. 

Nail set A hardened steel punch used to 
drive the head of a nail to a level below 
the surface of the wood. 

Natural gas Fuel gas obtained from 
wells in the earth, usually a mixture of 
short-chain hydrocarbons, such as meth- 
ane, ethane, propane, and butane. 
Neoprene Polychloroprene, a synthetic 
rubber. 

Net ventilation area The actual open 
area of a ventilation device, which is the 
gross area of the opening minus the total 
area that is occupied by louvers and/or by 
the wires or vanes of an insect screen. 
New construction A building built from 
the ground up, as differentiated from one 
that is adapted from an existing building. 
Noise reduction coefficient (NRC) An 
index of the proportion of incident 
sound absorbed by a surface, expressed 
as a decimal fraction of 1. 

Nominal dimension An approximate di- 
mension assigned to a piece of material as 
a convenience in referring to the piece. 
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Nonaxial In a direction not parallel to 
the long axis of a structural member. 
Nonbearing Not carrying a load. 
Nonveneered panel <A wood panel pro- 
duced from a form of wood other than 


wood veneer, such as oriented strand 
board or fiberboard. 

Nosing The projecting forward edge of 
a stair tread; the projecting front edge of 
a countertop. 

NRC 
Nut A steel fastener with internal heli- 
cal threads, used to close a bolt. 


See Noise reduction coefficient. 


O 

o.c. Abbreviation for “on center,” 
meaning the spacing of framing mem- 
bers is measured from the center of 
one member to the center of the next, 
rather than the clear spacing between 
members. 

Ogee An S-shaped curve. 

Ohm’s law Voltage equals amperage 
times resistance (V= JR). 
Oil-based caulk A _ low-range 
made with linseed oil. 


sealant 


Organic soil Soil containing decayed 
vegetable and/or animal matter; topsoil. 
Oriented strand board (OSB) A build- 
ing panel composed of long shreds of 
wood fiber oriented in specific directions 
and bonded together under pressure. 


OSB See Oriented strand board. 


OSHA Occupational Safety and Health 
Act. 


Overframing Framing an_intersect- 
ing gable roof or dormer by construct- 
ing the gable or intersecting roof over 
the sheathing of the main roof, thus 
avoiding valley rafters. See also Farmer’s 
valley. 

Overhead Costs of doing business, such 
as office rental, salaries and wages of man- 
agement and clerical personnel, expenses 
of vehicles, tools, and machines, and the 
like. 


Oxidation Corrosion; rusting; rust. 


P 

Package fireplace A factory-built fire- 
place installed as a unit. 

Paint A heavily pigmented coating ap- 
plied to a surface for decorative and/or 
protective purposes. 

Paint, flat A paint that dries with a non- 
glossy, matte surface. 
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Painting, interior, first phase The paint- 
ing of the plaster or gypsum board, which 
is usually done before the installation of 
trim, moldings, and woodwork. 


Painting, interior, second phase The 
painting of trim, moldings, and wood- 
work. 

Panel A broad, thin piece of wood; a 
sheet of building material, such as ply- 
wood or particleboard; a prefabricated 
building component that is broad and 
thin, such as a curtain wall panel; a region 
of a truss bounded by two vertical interior 
members. 


Panel, closed A prefabricated building 
component finished on the inside at the 
time it is installed. 


Panel, framed A wall, floor, or roof 
component made of wood or steel fram- 
ing members and applied sheathing; may 
also include insulation, wiring, and/or in- 
terior and exterior finishes. 

Panel, open A prefabricated building 
component unfinished on the interior at 
the time it is installed. 


Panel, sandwich A prefabricated build- 
ing component made of wood and/or 
gypsum board facings bonded to a core 
of foam plastic. 


Panel, _stressed-skin A __ prefabricated 
building component consisting of wood 
panel facings fastened or adhered to rigid 
spacers. In common usage, a sandwich 
panel. 


Panel, structural insulated (SIP) A sand- 
wich panel. 


Panel, structural wood Any of a variety 
of wood panel products that contributes 
structurally to an assembly. 


Panel door A wood door in which one or 
more thin panels are held by stiles and rails. 


Paneling A finished wall surface of 
sheets of wood, either solid wood (board 
paneling) or wood panel products such as 
plywood (sheet paneling). 

Panelized construction Assembling a 
building from prefabricated panels. 


Parallel strand lumber (PSL) Manufac- 
tured wood components made of wood 
shreds oriented parallel to the long axis 
of each piece and bonded together with 
adhesive. 

Parallel-to-grain shrinkage Lessening of 
the dimension of wood in the long direc- 
tion of the tree trunk caused by drying. 


Parapet The portion of an exterior wall 
that projects above the level of the roof. 


Parge To apply portland cement plaster 
over masonry to make it less permeable 
to water. 

Particleboard A building panel com- 
posed of small particles of wood bonded 
together under pressure. 


Parting compound See Form-release 


compound. 

Partition An interior nonloadbearing 
wall. 

Patio door A large glass exterior door 
made of two panels, one of which is fixed 
and the other of which slides horizontally. 
Patterned glass Glass into which a tex- 
ture has been rolled during manufacture. 
Paver A half-thickness brick used as fin- 
ish flooring. 

Paving, asphalt A horizontal outdoor 
surface, compacted in place, consisting 
of fine and coarse aggregates in a binder 
made of heavy components of petroleum. 
Paving, stone A horizontal outdoor sur- 
face made of stones. 

Paving, unit A horizontal outdoor sur- 
face made of small units of brick, stone, 
or concrete masonry. 

Penny A term used to describe the size 
of nails. 

Pentachlorophenol An organic com- 
pound that has been widely used for wood 
preservation but that is now declining in 
use because of its high toxicity and slow 
biodegradation. 

Percolation test A procedure for deter- 
mining the porosity of a soil, used as a ba- 
sis for designing a private sewage disposal 
system. 

Performance grade _ A rating used to in- 
dicate the relative weather resistance of a 
window. 

Perimeter drain A perforated pipe bed- 
ded in crushed stone or gravel that serves 
as a conduit for the removal of water from 
around a basement. 

Periodic kiln A kiln that is loaded and 
fired in discrete batches, as differentiated 
from a tunnel kiln, which is operated con- 
tinuously. 

Perlite Expanded volcanic glass, used as 
a lightweight aggregate in concrete and 
plaster and as an insulating fill. 

Perm A unit of vapor permeability. 
Permanent mortgage A long-term loan 
of money at interest, to be repaid during 
the occupancy of the building. 
Permanent wood foundation (PWF) A 
foundation made of preservative-treated 


wood and panels, together with a com- 
pacted crushed stone base and various 
waterproofing and drainage features. 
Perpendicular-to-grain shrinkage _Less- 
ening of the dimension of wood in the 
short direction of the tree trunk caused 
by drying, including both tangential and 
radial shrinkage. 

PEX tubing Flexible water piping made 
of cross-linked polyethylene. 

Pier block A small precast foundation 
unit, usually used as a column footing for 
a porch or outdoor deck. 

Pigment A mineral coloring agent. 
Pilaster A vertical, integral stiffening rib 
in a masonry or concrete wall. 

Pile A long, slender piece of material 
driven into the ground to act as an ele- 
ment of a foundation. 

Pin, pneumatically driven A machine- 
driven fastener used to connect light- 
gauge steel members. 

Pipe Tubing, large and small, that con- 
veys water, air, waste, and gasses to and 
through buildings. 

Pitch The slope ofa roof or other plane, 
often expressed as inches of rise per foot 
of run; a dark, viscous hydrocarbon dis- 
tilled from coal tar; a viscous resin found 
in wood. 


Pitched roof A sloping roof. 

Pith The very center of a log; soft wood 
that was the original stem of the tree. 
Pivoting window A window that opens 
by rotating around its vertical centerline. 
Plainsawn A log cut into dimension 
lumber without regard to the direction of 
the annual rings. 

Plain sliced Cutting a flitch into veneers 
without regard to the direction of the an- 
nual rings. 

Plan A drawing that shows the organi- 
zation of a building or part of a building 
from above. 

Planing Smoothing the surface of a 
piece of wood, stone, or steel with a cut- 
ting blade. 

Plank, prefinished <A broad strip of 
wood flooring with a factory-applied 
finish. 

Planned unit development (PUD) A 
tract of houses planned as a coordi- 
nated group that does not necessarily 
meet all zoning ordinances to the let- 
ter but offers compensatory features for 
those ordinances with which it does not 
comply. 


Plans examiner A building official who 
checks building plans for compliance 
with codes. 

Plaster A cementitious material, usually 
based on gypsum or portland cement, ap- 
plied to lath or masonry in paste form, to 
harden into a finish surface. 
Plasterboard 
Plaster of paris 
Plasticity The ability to retain a shape 
attained by pressure deformation. 


See Gypsum board. 


Pure calcined gypsum. 


Plastic laminate A thin, durable sheet 
material made of resins and paper, bond- 
ed under high pressure. 

Plastics Synthetically produced giant 
molecules. 

Plate A broad sheet of rolled metal “4 inch 
(6.35 mm) or more in thickness; a two- 
way concrete slab; a horizontal top or 
bottom member in a platform frame wall 
structure. 

Plate glass Glass of high optical quality 
produced by grinding and polishing both 
faces of a glass sheet. 

Platform frame A wooden building 
frame composed of closely spaced mem- 
bers nominally 2 inches (51 mm) in thick- 
ness, in which the wall members do not 
run past the floor framing members. 
Plenum The space between the ceiling 
of a room and the structural floor above, 
or a crawlspace, used as a passage for duct- 
work, piping, and wiring. 

Plumb Vertical. 


Plumb cut A saw cut that produces a 
vertical (plumb) surface at the lower end 
of a sloping rafter after the rafter is in its 
final position. 

Plumber’s tape A flexible galvanized 
metal strip used to support plumbing 
pipes. 

Plumbing fitting An elbow, tee, cou- 
pling, union, or other device for connect- 
ing pipes. 

Plumbing fixture A sink, tub, toilet, or 
other device that uses water for its opera- 
tion. 

Plumbing up The process of making a 
building frame vertical and square. 
Plunger The telescoping shaft that rais- 
es and lowers a hydraulic elevator. 

Ply _ A layer, as in a layer of felt in a built- 
up roof membrane or a layer of veneer or 
veneers in plywood. 

Plywood A wood panel composed of 
an odd number of layers of wood veneer 
bonded together under pressure. 


PMR See Protected membrane roof. 


Pneumatic Operated with compressed 
air. 

Pocket door A door that opens by roll- 
ing laterally into a chamber in the inte- 
rior of the adjacent partition. 
Polycarbonate An _ extremely tough, 
strong, usually transparent plastic used 
for window and skylight glazing, light fix- 
ture globes, door sills, and other applica- 
tions. 


Polyethylene A thermoplastic widely 
used in sheet form for vapor retarders, 
moisture barriers, and temporary con- 
struction coverings. 

Polymer A large molecule composed of 
many identical chemical units. 


Polypropylene A plastic formed by the 
polymerization of propylene. 


Polystyrene foam A thermoplastic foam 
with thermal insulating properties. 
Polyurethane Any of a large group of 
synthetic resins and synthetic rubber 
compounds used in sealants, varnishes, 
insulating foams, and roof membranes. 
Polyurethane foam A _ thermosetting 
foam with thermal insulating properties. 


Polyvinyl chloride (PVC) A _ thermo- 
plastic material widely used in construc- 
tion products, including plumbing pipes, 
floor tiles, wall coverings, and roof mem- 
branes; called “vinyl” for short. 

Portland cement The gray powder used 
as the binder in concrete, mortar, and 
stucco. 


Posttensioned slab A concrete slab that 
has been strengthened after it was cured 
by stretching high-strength steel cables 
through tubes that were cast into it. 


Posttensioning Compressing the concrete 
in a structural member or slab by tension- 
ing high-strength steel tendons running 
through it after the concrete has cured. 


Potable water Water fit for human con- 
sumption. 

Pour To cast concrete; an increment of 
concrete casting carried out without in- 
terruption. 


Powder coating A coating produced by 
applying a powder consisting of thermo- 
setting resins and pigments, adhering it 
to the substrate by electrostatic attraction, 
and fusing it into a continuous film in an 
oven. 

Powder-driven Inserted by a gunlike 
tool using energy provided by an explod- 
ing charge of gunpowder. 
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Pozzolan Any of a number of natural or 
artificial materials that react with the cal- 
cium hydroxide in wet concrete to form 
cementing compounds. 


Precast concrete Concrete cast and 
cured in a position other than its final po- 
sition in the structure. 

Preconstructed Built once and then dis- 
assembled before being finally construct- 
ed on its site. 


Predecorated gypsum board Gypsum 
board finished at the factory with a deco- 
rative layer of paint, paper, or plastic. 
Prehung door A door that is hinged to 
its frame in a factory or shop. 
Prescriptive building code A set of legal 
regulations that mandate specific con- 
struction details and practices rather than 
establish performance standards. 


Pressure impregnation A process for in- 
jecting chemical treatment into wood to 
increase its decay and insect resistance. 


Pressure tank An airtight vessel in which 
a volume of compressed air maintains 
pressure to distribute water throughout a 
building. 

Pressure-treated lumber Lumber that 
has been impregnated with chemicals un- 
der pressure, for the purpose of retarding 
either decay or fire. 

Primer A pigmented coating especially 
formulated to make a surface more paint- 
able and usually used as a first coat. 
Prime window A window unit that is 
made to be installed permanently in a 
building. 

Priming Covering a surface with a coat- 
ing that prepares it to accept another type 
of coating or a sealant. 

Propane A hydrocarbon gas commonly 
compressed for storage in tanks and used 
as a fuel for cooking, water heating, and 
space heating. 

Property line The boundary of a tract 
of land. 


Protected membrane roof (PMR) A 
membrane roof assembly in which the ther- 
mal insulation lies above the membrane. 


Protection board A panel material used 
to prevent damage to a waterproofing 
membrane on the outside of a founda- 
tion. 

PSL See Parallel strand lumber. 

P-trap A plumbing waste fitting that re- 
sembles the letter P designed to hold a 
water seal to keep sewer gases from enter- 
ing the building. 
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PUD See Planned unit development. 
Pull A handle for operating a cabinet 
door or drawer. 

Pump, submersible An electric water 
pump that is installed at the bottom of a 
well. 

Purlins Beams that span across the 
slope of a steep roof to support the roof 
decking. 

Putty A simple glazing compound used 
to seal around a small light. 

PVC See Polyvinyl chloride. 


PVC pipe Plumbing pipe made from 
polyvinyl chloride. 
PWF = Sce Permanent wood foundation. 


Q 

Quarry An _ excavation from which 
building stone is obtained; the act of tak- 
ing stone from the ground. 

Quarry sap Water contained in lime- 
stone at the time it is removed from the 
earth. 

Quarry tile A large clay floor tile. 
Quartersawn Lumber sawn in such a 
way that the annual rings run roughly 
perpendicular to the face of each piece. 
Quarter sliced Veneer sliced in such 
a way that the annual rings run roughly 
perpendicular to the face of each veneer. 
Quoin (pronounced “coin”) A corner re- 
inforcing of cut stone or bricks in a mason- 
ry wall, usually done for decorative effect. 


R 


Rabbet A longitudinal groove cut at 
the edge of a member to receive another 
member; also called a rebate. 

Radiant barrier A reflective foil placed 
adjacent to an airspace in roof or wall as- 
semblies as a deterrent to the passage of 
infrared energy. 

Radiant ceiling panel A ceiling that is 
heated to serve as a source of heat for the 
building. 

Radiant floor A floor that is heated to 
serve as a source of heat for the building. 
Radiant floor, staple-up A radiant floor 
created by stapling hydronic tubing to the 
bottom of the subfloor. 

Radiant floor, thin-slab <A radiant floor 
made of hydronic tubing embedded in a 
cementitious material. 

Radiant panel A ceiling, wall, or floor 
panel that is heated to serve as a source of 
heat for the building. 


Radiation The transfer of heat by elec- 
tromagnetic waves. 

Rafter A framing member that runs up 
and down the slope of a steep roof. 
Rafter, common A rafter that runs all 
the way from the outer wall to the ridge 
of the roof. 

Rafter, hip A rafter that runs along the 
intersection of two sloping roof planes, 
usually at an angle of 45 degrees as seen 
from above. 

Rafter, pattern A carefully laid-out raf- 
ter that is traced to mark the cuts for all 
the other rafters of that type in a roof. 
Rail A horizontal framing piece in a 
panel door; a handrail. 

Rain cap A covering intended to mini- 
mize rainwater penetration of the open 
top of a chimney flue. 

Rainscreen principle A theory by which 
wall cladding is made watertight by pro- 
viding wind-pressurized air chambers 
behind joints to eliminate air pressure 
differentials between the outside and the 
inside that might transport water through 
the joints. 

Rake The sloping edge of a steep roof. 
Raked joint A mortar joint that has had 
the mortar scraped out to a significant 
depth from the outer surface of the wall. 
Rammed-earth construction Wall con- 
struction that consists of damp earth com- 
pacted into formwork. 

Ray A tubular cell that runs radially in 
a tree trunk. 

RBM _ See Reinforced brick masonry. 
Realtor One who acts as an agent to buy 
and sell buildings on behalf of others. 
Rebar _ A short expression for steel rein- 
forcing bars in concrete or masonry. 
Receptacle A place where an appliance 
can be connected to an electric circuit. 
Recycled content The percentage of a 
product recovered from waste rather than 
from original sources. 

Reflective coated glass Glass onto which 
a thin layer of metal or metal oxide has 
been deposited to reflect light and/or heat. 
Register The outlet into a room for 
conditioned air from a central heating or 
cooling system. A register is provided with 
built-in damper vanes that allow some 
control of air volume. 

Reinforced brick masonry (RBM) _ Brick- 
work into which steel bars have been em- 
bedded to impart tensile strength to the 
construction. 


Reinforced concrete Concrete work into 
which steel bars have been embedded to 
impart tensile strength to the construction. 
Reinforcing bar Round, mild steel bars 
used to add tensile strength to concrete 
construction. The bars have ribs or other 
deformations on their surface to bond 
mechanically with the concrete. 
Reinforcing tape A wide paper tape 
used with joint compound to cover seams 
between gypsum board panels. 

Relative humidity A percentage repre- 
senting the ratio of the amount of water 
vapor contained in a mass of air to the 
amount of water it could contain under 
the existing conditions of temperature 
and pressure. 

Relieved back A longitudinal groove 
or series of grooves cut from the back of 
a flat wood molding or flooring strip to 
minimize cupping forces and make the 
piece easier to fit to a flat surface. 
Remodeling Modifying an 
building. 


existing 


Removable glazing panel A framed 
sheet of glass that can be attached to a 
window sash to increase its thermal insu- 
lating properties. 

Replacement window A window unit de- 
signed to install easily in an opening left 
in a wall by a deteriorated window unit 
that has been removed. 

Resale value The price for which the 
owner of a residence can sell it. 
Residential developer A person or busi- 
ness that buys land, legally divides it, and 
installs improvements to support the con- 
struction of houses. 

Resilient clip A springy mounting de- 
vice for plaster or gypsum board that 
helps reduce the transmission of sound 
vibrations through a wall or ceiling. 
Resilient flooring A manufactured sheet 
or tile flooring made of asphalt, polyvinyl 
chloride, linoleum, rubber, or other elas- 
tic material. 

Resin A natural or synthetic, solid or 
semisolid organic material of high mo- 
lecular weight, used in the manufacture 
of paints, varnishes, and plastics. 
Resistance Opposition to the flow of 
electricity, measured in ohms. 

Retaining wall A wall that resists hori- 
zontal soil pressures at an abrupt change 
in ground elevation. 

Return-air duct A tube through which 
air is sucked from an interior space and 


conducted back to the furnace or air- 
handling unit. 

Ridge The level intersection of two roof 
planes in a gable roof. 

Ridge beam A structural member that 
supports the tops of rafters. 

Ridge board The board against which 
the tips of rafters are fastened. 

Ridge vent A long, open assembly that 
allows air to circulate in and out of a gable 
roof at the ridge. 

Rim board See Band joist. 


Rim joist See Band joist. 

Rise A difference in elevation, such as 
the rise of a stair from one floor to the 
next or the rise per foot of run in a slop- 
ing roof. 

Riser A single vertical increment of a 
stair; the vertical face between two treads 
in a Stair; a vertical run of plumbing, 
wiring, or ductwork. 

Rock wool An insulating material man- 
ufactured by forming fibers from molten 
rock. 

Roof The top surface of a building and 
its supporting structure. 

Roof, flat An almost level roof that re- 
quires a continuous membrane to make it 
moisture-proof. 

Roof, shed A sloping roof of one single 
plane. 

Roof deck The structural surface to 
which roofing materials are attached. 


Roofer One who installs roof coverings. 


Roofing The material used to make a 
roof watertight, such as shingles, slate, 
tiles, sheet metal, or a roof membrane; 
the act of applying roofing. 

Roofing, panel Large sheets of metal 
used as roofing. 

Roofing, roll A heavy asphalt-impregnated 
felt strip with a mineral covering, used as a 
roofing material. 

Roof jack A bracket that supports a 
scaffold plank on the sloping surface of 
a roof. 

Roof window An openable window de- 
signed to be installed in the sloping sur- 
face of a roof. 

Rough arch An arch made from mason- 
ry units that are rectangular rather than 
wedge shaped. 

Rough carpentry Framing carpentry, as 
distinguished from finish carpentry. 
Roughing in The installation of me- 
chanical, electrical, and plumbing 


components that will not be exposed to 
view in the finished building. 

Rough-in plumbing Installation of pipes 
and fittings, but not of fixtures or trim. 
Rough opening The clear dimensions of 
the opening that must be provided in a 
wall frame to accept a given door or win- 
dow unit. 

Rough sill The horizontal framing 
member at the base of a window rough 
opening. 

Rough sitework Clearing a lot for con- 
struction and bringing the soil to approxi- 
mate grades. 

Row house A dwelling that is part of a 
row of dwellings that share common walls 
between them and has a ground floor. 
Rowlock A brick laid on its long edge, 
with its end exposed in the face of the 
wall. 

Rubble masonry Stone masonry made 
with unsquared stones. 

Rumford fireplace A masonry fireplace 
designed to maximize radiation of heat 
by means of a shallow, tall firebox with 
widely splayed sides, as developed in the 
18th century by Count Rumford. 

Run _ Horizontal dimension in a stair or 
sloping roof. 

Running Bond Brickwork consisting en- 
tirely of stretchers. 

R-value A numerical measure of resis- 
tance to the flow of heat. 


Ss 

S2S, S4S Lumber that is _ surfaced 
(planed) on two sides and four sides, re- 
spectively. 

Sand filter system An underground 
layer of sand used to remove suspended 
solids from septic tank effluent. 
Sand-molded brick A brick made in a 
mold that is wetted and then dusted with 
sand before the clay is placed in it. 
Sandstone A sedimentary rock formed 
from sand. 

Sand-struck brick See Sand-molded brick. 
Sandwich panel A prefabricated build- 
ing component made of wood and/or 
gypsum board facings, bonded to a core 
of foam plastic. 

Sapwood The living wood in the outer 
region of a tree trunk or branch. 

Sash A frame that holds glass. 


Sawyer One who saws tree trunks into 


lumber. 
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Scab A piece of framing lumber nailed 
to the face of another piece of lumber. 
Scaffolding, ladder jack An aerial work 
platform supported by adjustable steel 
brackets on ladders. 

Scaffolding, pipe An aerial work plat- 
form supported on rigid frames made of 
steel pipes welded together. 

Scaffolding, pump jack An aerial work 
platform supported by adjustable steel 
brackets on vertical posts. 

Scarf joint A glued end connection be- 
tween two pieces of wood, using a sloping 
cut to create a large surface for the glue 
bond, to allow it to develop the full tensile 
strength of the wood that it connects. 
Schematic design An early stage in 
designing a building, in which the con- 
figuration is established in a general way, 
without specifics or details. 

Scissors truss A roof truss with sloped 
bottom cords that create extra volume in 
the room below. 


Scratch coat The first coat in a three- 
coat application of plaster. 

Screed A strip of wood, metal, or plaster 
that establishes the level to which con- 
crete or plaster will be placed. 

Screw A fastener with a helical thread, 
designed to be inserted by twisting with a 
screwdriver. 

Scribing Marking and cutting the edge 
of a piece of wood or laminate or the un- 
dersurface of a log so that it will fit tightly 
against an irregular piece or surface ad- 
jacent to it. 

Scupper An opening through a parapet 
through which water can drain over the 
edge of a flat roof. 


S-DRY, S-GRN Stamped designations 
on lumber indicating that the piece was 
surfaced (planed) when dry or when 
green (unseasoned), respectively. 

Sealant gun A tool for injecting sealant 
into a joint. 

Sealer A coating used to close the pores 
in a surface, usually in preparation for the 
application of a finish coating. 

Seasoning Drying lumber to make it 
lighter, stiffer, and more stable dimen- 
sionally. 

Section A drawing that shows the rela- 
tionship of parts of a building or compo- 
nents of a building assembly by imagining 
that the building or assembly has been 
cut or sliced. Sections are usually, but not 
always, in vertical orientation. 
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Sectional home See Modular home. 


Sedimentary rock Rock formed from 
materials deposited as sediments, such as 
sand or sea shells, which form sandstone 
and limestone, respectively. 


Segregation Separation of the constitu- 
ents of wet concrete caused by excessive 
handling or vibration. 

Seismic Relating to earthquakes. 
Seismic load A load on a structure 
caused by movement of the earth relative 
to the structure during an earthquake. 
Self-compacting fill A fill material that 
tamps itself into the minimum possible 
volume, such as a gravel made up of small, 
rounded stones. 


Self-drilling Drills its own hole. 


Self-furring lath Metal lath with dimples 
that space the lath away from the sheath- 
ing behind to allow plaster to penetrate 
the lath and key to it. 


Self-tapping Creates its own screw 


threads on the inside of a hole. 
Self-weight The weight of a beam or slab. 


Septic approval Governmental permis- 
sion to construct a septic system. 


Septic system A collection of compo- 
nents, including septic tank, drain field, 
and all associated piping, for the pur- 
pose of sewage digestion and effluent 
dispersal. 

Septic tank A large, underground vessel 
that accepts sewage, digests it by fermen- 
tation, and discharges liquid effluent. 
Service entrance The assembly by which 
electricity is conducted from outdoor 
lines to the meter base. 


Set To cure; to install; to recess the 
heads of nails; a punch for recessing the 
heads of nails. 
Setback A legally required minimum 
distance between a building and a prop- 
erty boundary. 


Setting bed A thin, wire mesh rein- 
forced concrete slab to which ceramic tile 
or stone is adhered. 

Setting material The adhesive in which 
ceramic tile or stone is laid. 

Sewer, building See Building sewer. 
Sewer, municipal An underground pipe 
that collects sewage from buildings and 
conducts it to a sewage treatment plant. 
Shading coefficient The ratio of total 
solar heat passing through a given sheet 
of glass to that passing through a sheet of 
clear double-strength glass. 


Shake 
wood. 


A shingle split from a block of 


Shale A rock formed from the consoli- 
dation of clay or silt. 

Shear A deformation in which planes of 
material slide with respect to one another. 
Shear panel A wall, floor, or roof surface 
that acts as a deep beam to help stabilize 
a building against deformation by lateral 
forces. 

Shear wall A wall that is engineered to 
resist lateral forces in a building. 
Sheathing The rough covering applied 
to the outside of the roof, wall, or floor 
framing of a light frame structure. 
Sheathing, spaced Boards spaced some 
distance apart, used as roof sheathing un- 
der tiles, wood shakes, or wood shingles. 
Sheathing clip An H-shaped metal fit- 
ting used to keep the edges of adjacent 
sheets of roof sheathing material aligned 
with one another. 

Shed A building or dormer with a sin- 
gle, sloping roof plane. 

Sheeting A stiff material used to retain 
the soil around an excavation; a material 
such as polyethylene in the form of very 
thin, flexible sheets. 

Sheet metal Flat rolled metal less than 
“% inch (6.35 mm) in thickness. 

Shim A thin piece of material placed 
between two components of a building to 
adjust their relative positions as they are 
assembled; to insert shims. 

Shingle A small unit of water-resistant 
material nailed in overlapping fashion 
with many other such units to render a 
wall or sloping roof watertight; to apply 
shingles. 

Shiplap A board with edges rabbeted so 
as to overlap flush from one board to the 
next. 

Shoe A small, flexible wood molding 
that covers the joint between a baseboard 
and a finish floor. 

Shop drawings Detailed plans prepared 
by a fabricator or manufacturer to guide 
the shop production of such building 
components as cut stonework, steel or 
precast concrete framing, curtain wall 
panels, or cabinetwork. 

Shoring Temporary vertical or sloping 
supports of steel or timber. 

Short circuit An electric circuit acciden- 
tally created by an unintended connec- 
tion through a metallic object or a human 
body. 


Shotcrete A low-slump concrete mix- 
ture deposited by being blown from 
a nozzle at high speed with a stream of 
compressed air. 

Shrinkage, wood Reduction of the di- 
mensions of a piece of wood caused by 
drying. Longitudinal shrinkage is shrink- 
age in the direction of the long axis of the 
tree trunk. Radial shrinkage is shrinkage 
along any plane that contains the axis of 
the trunk. Tangential shrinkage is shrink- 
age along the growth rings. 

Shutoff valve A device that can close a 
pipe against the passage of water. 
Sidelight A tall, narrow window along- 
side a door. 

Siding The exterior wall finish material 
applied to a light frame wood structure. 
Siding nail A nail with a small head, 
used to fasten siding to a building. 

Silica fume Very finely divided silicon 
dioxide, used as an admixture in the 
formulation of very high strength, low- 
permeability concrete. 

Silicone A polymer used for high-range 
sealants, roof membranes, and masonry 
water repellents. 

Sill The strip of wood that lies imme- 
diately on top of a concrete or masonry 
foundation in wood frame construction; 
the horizontal bottom portion of a win- 
dow or door, usually sloped to shed water. 
Sill sealer A resilient, fibrous material 
placed between a foundation and a sill to 
reduce air infiltration between the out- 
doors and the indoors. 

Single-family detached house The dom- 
inant residential type, consisting of one 
house standing alone on its own lot. 
Single-hung window A window with two 
overlapping sashes, the lower of which 
can slide vertically in tracks, and the up- 
per of which is fixed. 


Single-ply membrane A sheet of plastic, 
synthetic rubber, or modified bitumen 
used as a roofing sheet for a low-slope 
roof. 

Single-strength glass Glass approximately 
%2 inch (2.5 mm) thick. 

Sink, drop-in A kitchen basin with an in- 
tegral perimeter flange inserted into an 
opening in the countertop from above. 
Sink, flush-mounted <A_ kitchen basin 
mounted flush with the surrounding 
countertop. 

Sink, integral A kitchen basin formed 
continuously with the countertop. 


Sink, undermount A_ kitchen basin 
mounted to the underside of the coun- 


tertop. 
SIP See Panel, structural insulated. 
Site-cast concrete Concrete that is 


poured and cured in its final position in 
a building. 

Site plan A drawing that shows the 
boundaries and features of a piece of 
land, usually including proposed physical 
improvements. 

Site utilities Temporary electrical, wa- 
ter, telephone, and toilet services for use 
during construction. 


Skylight A fixed window installed in a 
roof. 


Slab on grade A concrete surface ly- 
ing upon, and supported directly by, the 
ground beneath. 

Slaked lime Calcium hydroxide. 


Slate A metamorphic form of clay, easily 
split into thin sheets. 


Sliding window A window with one fixed 
sash and another that moves horizontally 
in tracks. 

Slope The inclination of a roof surface, 
a slab, or the surface of the ground. 


Slump test A test in which wet concrete 
or plaster is placed in a cone-shaped 
metal mold of specified dimensions and 
allowed to sag under its own weight after 
the cone is removed. The vertical distance 
between the top of the mold and the top 
of the slumped mixture is an index of its 
working consistency. 

Slurry <A watery mixture of insoluble 
materials. 

Smoke chamber The space that lies 
above the damper of a fireplace and be- 
low the flue. 

Smoke shelf The horizontal area be- 
hind the damper of a fireplace. 

Sod_ A thin section of grass and soil that 
is held together by matted roots. 

Soffit The undersurface of a horizontal 
element of a building, especially the un- 
derside of a stair or a roof overhang. 
Soffit vent An opening under the eave 
of a roof, used to allow air to flow into 
the attic or the space below the roof 
sheathing. 

Soft mud process Making bricks by 
pressing wet clay into molds. 

Softwood Wood from a coniferous tree. 


Soil, allowable stress of The bearing 
capacity of soil. 


Soil, amended Earth whose properties 
have been adjusted with organic matter, 
fertilizer, lime, and the like, to give it op- 
timum properties for growing a lawn or 
garden. 

Soil, expansive A soil, usually a clay, that 
expands greatly when wetted. 

Soil, stability of The ability of soil to re- 
tain its engineering properties during the 
lifetime of a building or other construc- 
tion project. 

Soil line A pipe that carries waste from 
a water closet. 

Solar water heater A device that uses 
sunlight to heat domestic water. 

Soldier A brick laid on its end, with its 
narrow face toward the outside of the 
wall. 

Sole plate The horizontal piece of di- 
mension lumber at the bottom of the 
studs in a wall in a light frame building. 
Solid core door A flush door with no in- 
ternal cavities. 

Solid sheathing A continuous roof 
sheathing material, such as plywood or 
OSB. 

Solvent A liquid that dissolves a mate- 
rial. 

Sound Transmission Class (STC) An in- 
dex of the resistance of a partition to the 
passage of sound. 

Span The distance between supports for 
a beam, girder, truss, vault, arch, or other 
horizontal structural device; to carry a 
load between supports. 

Spandrel The area of masonry resisting 
thrust at the ends of a structural arch. 
Span rating The number stamped on a 
sheet of plywood or other wood building 
panel to indicate how far in inches it may 
span between supports. 

Spark arrester A screen over the top of 
a chimney flue designed to prevent burn- 
ing embers from passing. 

Specifications The written instructions 
from an architect or engineer concern- 
ing the quality of materials and execution 
required for a building. 

Speculative builder 
dwellings to be sold. 
Speculative building The act of build- 
ing for profit by an entrepreneurial de- 
veloper. 


One who constructs 


Spirit level A tool in which a bubble in 
an upwardly curving, cylindrical glass vial 
indicates whether a building element is 
level or not level, plumb or not plumb. 
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Splashback Water and soil that are 
deposited on an exterior wall near the 
ground by the action of water falling from 
the roof above. 

Splash block A small precast block of 
concrete or plastic used to divert water at 
the bottom of a downspout. 

Spline A thin strip inserted into grooves 
in two mating pieces of material to hold 
them in alignment; a ridge or strip of ma- 
terial intended to lock to a mating groove; 
an internal piece that serves to align two 
hollow components to one another. 

Split A crack through a board or timber, 
caused by shrinking or loading stresses. 
Split jamb A door frame fabricated in 
two interlocking halves, to be installed 
from the opposite sides of an opening. 
Spray foam insulation A two-part liquid 
that combines as it is sprayed into cavities, 
where it adheres to surfaces and expands 
to form a rigid cellular insulating material 
that also acts as an effective air barrier. 
Springwood Wood created by a tree 
during the early part of the growing sea- 
son when water is plentiful. 

Sprinkler head A fitting that sprays wa- 
ter in a predetermined pattern, either for 
irrigation or for extinguishing fire. 
Square One hundred square feet of 
roofing, or about 9.3 m?. 

Squash block A vertical framing block 
used in association with I-joists to provide 
reinforcement. 

Stabilizer An admixture that defers con- 
crete curing indefinitely. Curing must be 
reinstated by an activator. 

Stain A coating intended primarily to 
change the color of wood or concrete, 
without forming an impervious film. 
Stair jack 
Staking out Driving stakes into the soil 
to mark the approximate future location 
of a building. 


See Stringer. 


Standing and running trim Door and 
window casings and baseboards. 

Standing seam A sheet metal roofing 
seam that projects at right angles to the 
plane of the roof. 

Staple gun A device that inserts a 
U-shaped fastener into wood. 

Staple-up radiant floor A radiant floor 
created by stapling hydronic tubing to the 
bottom of the subfloor. 

STC 


Steel Iron with a controlled amount of 
carbon, generally less than 1.7 percent. 


See Sound Transmission Class. 
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Steep roof A roof with sufficient slope 
that it may be made waterproof with shin- 
gles. 

Stiff mud process A method of molding 
bricks in which a column of damp clay is 
extruded from a rectangular die and cut 
into bricks by fine wires. 

Stile A vertical framing member in a 
panel door. 

Stipulated-sum contract An agreement 
that specified work is to be carried out for 
a given price. 

Stirrup A vertical loop of steel bar used 
to reinforce a concrete beam against di- 
agonal tension forces. 

Stirrup tie A stirrup that forms a 
complete loop, as differentiated from a 
U-stirrup, which has an open top. 

Stock plan A design for a house that is 
prepared without reference to any par- 
ticular site, and is offered for sale. 

Stool The interior horizontal plane at 
the base of a window. 

Storm drain A system for removing 
storm water from a site. 

Storm drainage Piping for the purpose 
of managing rainwater. 

Storm sewer A large pipe used only to 
carry rainwater and snowmelt from a site. 
Storm water Water that runs off a build- 
ing or a site, having originated as rain or 
snow. 

Storm window A sash added to the out- 
side of a window in winter to increase its 
thermal resistance and decrease air infil- 
tration. 

Story pole A strip of wood marked with 
the exact course heights of masonry for 
a particular building, used to make sure 
that all the leads are identical in height 
and coursing. 

Stove, freestanding A stove that stands 
in a room away from the walls. 

Stove, radiant A fuel-burning appliance 
that heats a room by radiation. 
Straightedge To strike off the surface 
of a concrete slab using screeds and a 
straight piece of lumber or metal. 

Strain Deformation under stress. 

Straw bale construction Walls made of 
stacked bales of straw, then stuccoed in- 
side and out. 


Strength, allowable A safe limit to which 
a structural member may be stressed. 


Stress Force per unit area. 


Stressed-skin panel Sce Panel, stressed- 
skin. 


Stretcher A brick or masonry unit laid 
in its most usual position, with the broad- 
est surface of the unit horizontal and the 
length of the unit parallel to the surface 
of the wall. 

Striated Textured with parallel scratch- 
es or grooves. 

Stringer The sloping wood or steel 
member that supports the treads of a stair. 
Strip flooring Wood finish flooring in 
the form of long, narrow tongue-and- 
groove boards. 

Strip footing A long, narrow footing 
used to support a wall. 

Stripping Removing formwork from 
concrete; sealing around a roof flashing 
with layers of felt and bitumen. 
Structural bond The interlocking pat- 
tern of masonry units used to tie two or 
more wythes together in a wall. 
Structural composite lumber Lumber 
that is made up of veneers or shreds of 
wood bonded together. 

Structural engineer One who is licensed 
by a state government to prepare designs 
for loadbearing structures of buildings 
and bridges. 

Structural steel Steel members, such as 
wide-flange beams and columns, that are 
designed to support buildings. 

Structural tubing Hollow steel cylindri- 
cal or rectangular shapes made to be used 
as structural members. 


Stucco Portland cement plaster used as 
an exterior cladding or siding material. 
Stud One of an array of small, closely 
spaced, parallel wall framing members; a 
heavy steel pin. 

Styrene-butadiene-styrene A copolymer 
of butadiene and styrene used as a modifi- 
er in polymer-modified bitumen roofing. 
Subcontractor A contractor who spe- 
cializes in one area of construction activ- 
ity and who usually works under a general 
contractor or builder. 

Subdivision A collection of individual 
houses that have been built to consistent 
standards on a single tract of land. 
Subfloor The loadbearing surface be- 
neath a finish floor. 


Subgrade The soil beneath a slab on 
grade. 

Subpanel A secondary group of circuit 
breakers in a metal box, provided with 
electricity via a cable from a main panel. 
Substrate The base to which a coating 
or veneer is applied. 


Summerwood Wood created by a tree 
during the late part of the growing sea- 
son, when water is scarce. 

Sump A pit designed to collect water 
for removal from an excavation or base- 
ment. 


Superplasticizer A concrete admixture 
that makes wet concrete extremely fluid 
without additional water. 

Supply pipe A pipe that brings clean wa- 
ter to a plumbing fixture. 

Supply system All the pipes and other 
components that distribute water through 
a building for drinking, bathing, washing, 
and other chores. 

Supporting stud A wall framing mem- 
ber that extends from the sole plate to the 
underside of a header and that supports 
the header. 


Surface bonding Bonding a concrete 
masonry wall together by applying a layer 
of glass-fiber-reinforced stucco to both its 
faces. 


Surfacing Smoothing the face of a 
building material—usually used with ref- 
erence to wood. 


Surveyor, registered land One who is 
licensed by a state to measure land and 
mark property lines. 

Surveyor’s rod A measuring stick used 
as a target for sightings through a sur- 
veyor’s transit or level, so as to establish 
vertical levels. 


Sustainable-yield forest A stand of trees 
managed in such a way that it will con- 
tinue to produce logs for lumber in per- 
petuity. 

Swale A shallow ditch around a building 
that conducts water away from the foun- 
dation. 

Switch A device for completing or inter- 
rupting an electric circuit. 


Switch, four-way A switch that allows a 
light to be turned on and off indepen- 
dently from three or more locations. 


Switch, three-way A switch that allows 
a light to be turned on and off indepen- 
dently from two locations. 


System balancing Adjusting a heat- 
ing or cooling system so that it provides 
commensurate levels of comfort in all the 
rooms of a building 


T 

Tackless strip A wood strip with project- 
ing points used to fasten a carpet around 
the edge of a room. 


Tapered edge The longitudinal edge 
of a sheet of gypsum board, which is re- 
cessed to allow room for reinforcing tape 
and joint compound. 

Tee A metal or precast concrete mem- 
ber or plumbing fitting with a cross sec- 
tion resembling the letter T. 

Tempered glass Glass that has been 
heat-treated to increase its toughness and 
its resistance to breakage. 

Temporary utilities Electricity, telephone, 
water, chemical toilets, temporary heat, and 
any other services installed on the building 
site for the duration of construction only. 
Tendon A high-strength steel cable used 
to posttension concrete. 

Tenement A run-down apartment build- 
ing or rooming house. 

Tensile strength The ability of a struc- 
tural material to withstand stretching 
forces. 


Tensile stress A stress caused by stretch- 
ing of a material. 
Tension A stretching force; to stretch. 


Terrace door A double glass door, one 
leaf of which is fixed and the other of 
which is hinged to the fixed leaf at the 
centerline of the door. 

Test pit A hole in the ground used to as- 
sess soil conditions and run percolation 
tests preparatory to constructing a private 
sewage disposal system. 

Thatch A thick roof covering of reeds, 
straw, grasses, or leaves. 

Thermal break A section of material 
with a low thermal conductivity, installed 
between metal components to retard the 
passage of heat through a wall or window 
assembly. 

Thermal bridge A component of higher 
thermal conductivity that conducts heat 
more rapidly through an insulated build- 
ing assembly, such as a steel stud in an in- 
sulated stud wall. 

Thermal conductivity The rate at which 
a material conducts heat. 

Thermal envelope The insulated exte- 
rior shell of a building. 

Thermal insulation 
mal. 

Thermal resistance The resistance of a 
material or assembly to the conduction of 
heat. 


See Insulation, ther- 


Thermoplastic A plastic material that 
softens when heated. 

Thermosetting A plastic material that 
cannot be softened by heat. 


Thermostat A device that uses a bimetallic 
strip to control temperature to a set value. 
Thinbed A cementitious panel used as a 
setting bed for tiles. 

Thincoat Veneer plaster. 

Thin-slab radiant floor A radiant floor 
made of hydronic tubing embedded in a 
cementitious material. 

Throat The narrow smoke 
above the firebox in a fireplace. 


passage 


Through-roof vent An attic ventilator 
that penetrates the roof. 

Thrust A lateral force resulting from 
the structural action of an arch or in- 
clined structure. 

Thrust block A wooden block running 
perpendicular to the stringers at the bot- 
tom of a stair, whose function is to hold 
the stringers in place. 

Tie A device for holding two parts of a 
construction together; a structural device 
that acts in tension. 

Tie beam A reinforced concrete beam 
cast as part of a masonry wall, whose pri- 
mary purpose is to hold the wall together, 
especially against seismic loads, or cast 
between a number of isolated foundation 
elements to maintain their relative posi- 
tions. 

Tie rod A steel rod that acts in tension. 


Tile A fired clay product that is thin in 
cross section as compared to a brick, ei- 
ther a thin, flat element (ceramic tile or 
quarry tile), a thin, curved element (roof- 
ing tile), or a hollow element with thin 
walls (flue tile, tile pipe, structural clay 
tile); also, a thin, flat element of another 
material, such as an acoustical ceiling unit 
or a resilient floor unit. 

Tile, glazed A ceramic tile that has a 
shiny, vitrified surface. 

Tile, parquet A square unit of wood 
flooring attached to the subfloor, along 
with many other identical units, to form 
a wood floor. 

Tilt/turn window A window that may 
open either as a casement window or as a 
hopper window. 

Timber Standing trees; a large piece of 
dimension lumber. 

Timber frame A building frame made 
up of timbers larger than 2 inches (51 
mm) in nominal thickness. 

Tinted glass Glass colored with pig- 
ments, dyes, or other admixtures. 

Toe nailing Fastening with nails driven 
at an angle. 
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Tongue and groove An_ interlocking 
edge detail for joining planks or panels. 
Tooling The finishing of a mortar joint 
or sealant joint by pressing and compact- 
ing it to create a particular profile. 
Toothed plate A sheet metal plate with 
a multiplicity of spikes pointing perpen- 
dicularly to the plane of the plate, pressed 
into wood members to connect them. 
Top-hinged inswinging window A win- 
dow that opens inward on hinges on or 
near its head. 

Topping slab A thin layer of concrete 
cast over the top of a floor deck. 

Top plate The horizontal member at 
the top of a stud wall. 


Topside vent A water-protected open- 
ing through a roof membrane, which re- 
lieves pressure from water vapor that may 
accumulate beneath the membrane. 
Torsional stress Stress resulting from 
the twisting of a structural member. 
Touch sanded Sanded with very light 
pressure so as to make the surface fairly 
smooth but not reduce the thickness of 
the face veneer appreciably. 

Townhouse A dwelling that is part of a 
row of dwellings that share common walls 
between them. 


Tracheids 
softwood. 


The longitudinal cells in a 


Track A channel section of light-gauge 
steel that is the equivalent of a plate in 
wood light frame construction. 

Tract A group of contiguous building 
lots that are being developed by one de- 
veloper. 

Traffic deck A special roof surface or 
assembly designed to allow people to 
walk above the roof without damaging its 
water-resistant components. 

Transformer An electrical device that 
changes the voltage of alternating cur- 
rent. 

Transit-mixed concrete Concrete mixed 
in a rotating drum on the back of a truck 
as it is being transported to the building 
site. 

Transom A small window directly above 
a door. 

Tread One of the horizontal planes that 
make up a stair. 

Trim Millwork used to cover joints in- 
side a building, such as baseboards, cas- 
ings, stools, and moldings. 

Trim accessories Casing beads, cor 
ner beads, expansion joints, and other 
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devices used to finish edges and corners 
of a plaster wall or ceiling. 

Trimmer A beam that supports a head- 
er around an opening in a floor or roof 
frame; a stud that supports a header at an 
opening in a framed wall. 

Trimmer stud A stud that supports the 
end of a header at the side of a rough 
opening. 

Triple glazing An opening fitted with 
three parallel sheets of glass with airspac- 
es between. 

Trowel A thin, flat steel tool, either 
pointed or rectangular, provided with a 
handle and held in the hand, used to ma- 
nipulate mastic, mortar, plaster, or con- 
crete; also, a machine whose rotating steel 
blades are used to finish concrete slabs; to 
use a trowel. 


True divided light A window or door 
that is glazed with separate, small rectan- 
gles of glass, each mounted independent- 
ly in muntins, as distinct from a window 
or door that is glazed with a single sheet 
of glass, over which a grid of imitation 
muntins is installed. 

Truss A triangulated arrangement of 
structural members that reduces nonaxial 
external forces to a set of axial forces in 
its members. 

Truss, light-gauge steel A truss made up 
of light-gauge steel members instead of 
the more usual wood members. 

Tuck pointing A process of removing 
defective weathered mortar and replac- 
ing it with new mortar. 

Tunnel kiln A kiln through which clay 
products are passed on railroad cars. 
Twisting A torsional distortion of a 
board caused by drying. 

Type X gypsum board A _ fiber-rein- 
forced gypsum board, used where greater 
fire resistance is required. 


U 


Uncoursed Laid without 
horizontal joints; random. 


continuous 


Undercourse A course of shingles laid 
beneath an exposed course of shingles at 
the lower edge of a wall or roof, in order 
to provide a waterproof layer behind the 
joints in the exposed course. 

Underfire The floor of the firebox in a 
fireplace. 

Underlayment A panel laid over a sub- 
floor to create a smooth, stiff surface for 
the application of finish flooring; also, a 


layer of waterproof material such as build- 
ing felt between roof sheathing and roof- 
ing. 

Underpinning The process of placing 
a new foundation beneath an existing 
structure. 

Undisturbed soil Soil in its natural state 
in the ground and not loosened or agi- 
tated in any way. 

Uniform settlement Subsidence of the 
various foundation elements of a building 
at the same rate, resulting in no distress to 
the structure of the building. 
Unreinforced Constructed without steel 
reinforcing bars or welded wire fabric. 
Upflow furnace A furnace in which re- 
turn air enters at the bottom and supply 
air exits at the top. 

Upside-down roof A membrane roof as- 
sembly in which the thermal insulation 
lies above the membrane. 

U-stirrup An open-top, U-shaped loop 
of steel bar, used as reinforcing against di- 
agonal tension in a concrete beam. 


v 

Valley A trough formed by the intersec- 
tion of two roof slopes. 

Valley rafter A diagonal rafter that sup- 
ports a valley. 


Vapor barrier See Vapor retarder. 


Vapor retarder A layer of material in- 
tended to obstruct the passage of water 
vapor through a building assembly; also 
called, less accurately, vapor barrier. 
Varnish A slow-drying transparent coat- 
ing. 

Vee joint A mortar joint whose profile 
resembles the letter V. 

Vehicle The liquid component of paint 
that adheres to the substrate and forms a 
film over it. 

Veneer A thin layer, sheet, or facing. 
Veneer, flitch-sliced A thin sheet of wood 
that is cut by passing a block of wood ver- 
tically against a long, sharp knife. 

Veneer, rotary-sliced A thin sheet of 
wood that is produced by rotating a log 
against a long, sharp knife blade in a 
lathe. 

Veneer-based lumber Linear wooden 
structural elements manufactured by 
bonding together strands or sheets of 
rotary-sliced wood veneer. 

Veneer plaster A wall finish system 
in which a thin finish layer of plaster 


is applied over a special gypsum board 
base. 

Veneer plaster baseboard The special 
gypsum board over which veneer plaster 
is applied. 

Vent-free A gas-burning fireplace that 
does not need a vent to the outdoors. 
Venting, direct Removing the combus- 
tion gases from an appliance via a hori- 
zontal pipe through a wall. 

Venting, natural Removing the combus- 
tion gases from an appliance by a vertical 
chimney. 

Vent piping Pipes that maintain a system 
of plumbing drains and waste lines at at- 
mospheric pressure by connecting them 
to the outdoor air. 

Vent spacer A device used to maintain a 
free air passage above the thermal insula- 
tion in an attic or roof. 

Vermiculite Expanded mica, used as an 
insulating fill or a lightweight aggregate. 
Vertical bar An upright reinforcing bar 
in a concrete column. 

Vertical grain lumber Dimension lum- 
ber sawn in such a way that the annual 
rings run more or less perpendicular to 
the faces of each piece. 

Vinyl 
Vinyl composition flooring A flooring 
material made of PVC and fillers that is 
adhered to the subfloor either in sheet 
form or in the form of square tiles. 


See Polyvinyl chloride. 


Visible transmittance The fraction of 
light at visible wavelengths that passes 
through a sheet of glass. 

Visual grading Assigning quality desig- 
nations to dimension lumber on the basis 
of looking at each piece and assessing its 
structural capacity or visual qualities. 
Vitrification The process of transform- 
ing a material into a glassy substance by 
means of heat. 

voc 


Volatile organic compound (VOC) A 
carbon-based chemical that evaporates 
into the atmosphere. 


See Volatile organic compound. 


Volt A unit of electrical potential, analo- 
gous to pressure in a pipe. 


WwW 

Waferboard A building panel made by 
bonding together large, flat flakes of wood. 
Wainscoting A wall facing, usually made 
of wood, cut stone, or ceramic tile, that is 
carried only partway up a wall. 


Waler A horizontal beam used to sup- 
port sheeting or concrete formwork. 
Walk-up An upper-story apartment that 
is not serviced by an elevator. 

Wallboard hanger One who mounts 
gypsum wallboard on framing. 

Wane An irregular rounding of a long 
edge of a piece of dimension lumber 
caused by cutting the lumber from too 
near the outside surface of the log. 
Washed aggregate A surface texture on 
a concrete slab created by washing away 
the fine particles of sand and cement to 
expose the more coarse particles of gravel. 
Washer A steel disk with a hole in the 
middle, used to spread the load from a 
bolt, screw, or nail across a wider area of 
material. 

Waste piping Pipes that carry wastewa- 
ter that is free of solids. 

Waste system The pipes and other com- 
ponents that remove wastewater from a 
building. 

Water, bound Moisture embedded in 
the cellulose and lignin of a tree. 

Water, free Moisture held within the 
hollow cellular tubes in a tree. 


Waterborne salts The most widely used 
wood preservatives. 

Water—cement ratio A numerical index 
of the relative proportions by weight of 
water and cement in a concrete mixture. 
Water heater A device that heats water 
for domestic consumption. 
Waterproofing An impervious mem- 
brane applied to the outside of a founda- 
tion. 

Water-resistant gypsum board Gypsum 
board formulated and manufactured so 
as to have increased resistance to mois- 
ture. 

Water smoking The process of applying 
heat to evaporate the last water from clay 
products before they are fired. 

Waterstop A synthetic rubber or ben- 
tonite clay strip used to seal joints in con- 
crete foundation walls. 

Water-struck brick A brick made in 
a mold that is wetted before the clay is 
placed on it. 

Water table The level at which the pres- 
sure of water in the soil is equal to the 
atmospheric pressure; effectively, the 
level to which groundwater will fill an 
excavation; a wood molding or shaped 
brick used to make a transition between 
a thicker foundation and the wall above. 


Water vapor Water in its gaseous phase. 
Wattle and daub Mud plaster (daub) ap- 
plied to a primitive lath of woven twigs or 
reeds (wattle). 

Weather barrier A  moisture-resistant 
barrier, such as building felt or house- 
wrap, that covers the sheathing and acts 
as a backup waterproofing layer to the sid- 
ing that is applied over it. 

Weathered joint A mortar joint finished 
in a sloping, planar profile that tends to 
shed water to the outside of the wall. 
Weatherstrip A ribbon of resilient, 
brushlike, or springy material used to 
reduce air infiltration through the crack 
around a sash or door. 


Web A cross-connecting piece such as 
the portion of a wood [joist that is per- 
pendicular to the flanges, or the portion 
of a concrete masonry unit that is perpen- 
dicular to the face shells. 

Web stiffener A rib used to support the 
web of a wooden I-joist against buckling. 
Weep hole A small opening whose pur- 
pose is to permit drainage of water that 
accumulates inside a building component 
or assembly. 

Weld A joint between two pieces of met- 
al formed by fusing the pieces together 
by the application of intense heat, usually 
with the aid of additional metal melted 
from a rod or electrode. 

Welded wire fabric A grid of steel rods 
that are welded together, used to rein- 
force a concrete slab. 

Welding The process of making a weld. 
Weld plate A steel plate anchored into 
the surface of concrete, to which another 
steel element can be welded. 

Well, cased A cylindrical hole in the 
ground, lined with a metal pipe, that 
reaches down to a water-bearing stratum. 
“Wet” systems Construction systems 
that use considerable quantities of water 
on the construction site, such as masonry, 
plaster, and site-cast concrete. 

Wind brace A diagonal structural mem- 
ber whose function is to stabilize a frame 
against lateral forces. 

Winder (rhymes with “reminder”) A 
stair tread that is wider at one end than 
at the other. 

Wind load A load on a building caused 
by wind pressure and/or suction. 
Window, clad A window unit whose 
framing elements are covered on the ex- 
terior with a sheet of plastic or metal. 
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Window, projected A window that opens 
by rotating its sash outside the plane of 
the wall. 

Window schedule A table that lists each 
window in a building, along with its di- 
mensions, mode of operation, and other 
relevant information. 

Wire, grounding An uninsulated elec- 
tric wire that connects electrical equip- 
ment to ground for the purpose of safety. 
Wire, hot An electric wire that is not 
connected to ground. 

Wire, neutral An electric wire that is 
connected to ground. 

Wire nut A connecting device that is 
screwed onto the ends of two or more 
electrical wires, comprising a spiral coil 
of wire enclosed in a rigid insulating cap. 
Wiring, low-voltage Wiring for land- 
scape lighting, controls, or a doorbell or 
chime that carries current at less than 
about 15 volts. Electricity at such a low 
voltage is unlikely to cause fire or electric 
shock. 

Wood light frame The predominant 
structural system for residential and 
small-scale commercial buildings in 
North America for over 150 years. 
Wood-polymer composite A material 
made by combining wood fibers with a 
plastic binder, usually used for outdoor 
decks or trim. 

Workability agent An admixture that 
makes concrete easier to place in forms 
and to finish by improving its plasticity. 
Wrought iron A form of iron that is soft, 
tough, and fibrous in structure, contain- 
ing about 0.1 percent carbon and 1 to 
2 percent slag. 

Wythe (rhymes with “scythe” and 
“tithe”) A vertical layer of masonry that 
is one masonry unit thick. 


Y 


Yield strength The stress at which a ma- 
terial ceases to deform in a fully elastic 
manner and begins to deform irrevers- 
ibly. 


Z 


Z-brace door A door made of vertical 
planks held together and braced on the 
back by three pieces of wood whose con- 
figuration resembles the letter Z. 
Zero-slump concrete A concrete mixed 
with so little water that it does not sag 
when piled vertically. 
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Z-flashing A strip of sheet metal bent 
into a three-part zigzag profile, used to 
prevent the entry of water at window and 
door heads, at horizontal trim features, 
and at horizontal joints in plywood siding. 


Zones, heating Areas into which a house 
is divided, each with its own thermostat, 
for the purpose of regulating thermal 
comfort. 


Zoning ordinance A law that specifies in 
detail how land may be used in a munici- 


pality. 
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Acoustic separation, 533 
Adhesives, 103, 106 
Adobe construction, 548-552 
adobe brick, 550 
building codes, 550, 551 


Bearing wall, 236-238 
Benchmark, 175 

Bidding, competitive, 38, 39 
Brick, see Masonry, brick 
Builders: 


Certificate of Occupancy (COO), 24 
Chimney, 446 

Chinked log construction, 559 
Coefficient of performance (COP), 374 
Compacted fill, 176, 198 


“greenness” of earth, 571 
modern adobe, 550-552 
Air barriers, 428-430 
Air conditioning, see Heating and 
cooling 
Air infiltration, 428-430 
Airtight drywall approach (ADA), 429 
Air-to-air heat exchangers, 430 
American Institute of Architects (AIA), 
9, 51, 65 
American Institute of Building Design 
(AIBD), 54, 65 
American Institute of Certified 
Planners (AICP), 56 
American Planning Association 
(APA), 56 
American Society of Landscape 
Architects (ASLA), 55 
Americans with Disabilities Act (ADA), 
18, 539 


associations of, 45 
definition of, 7, 33 
licensing of, 38 
publications for, 47 

size of companies, 34-37 
speculative, 38 

training of, 45, 46 

types of, 34 


Building codes: 


definition of, 9 

for multiunit buildings, 18 
history of, 17 

model codes, 17, 18 
provisions of, 18 

purposes of, 17 


Building culture, 7-9 
Building designers: 


involvement in residential design, 
54, 55 
training of, 54 


Concrete, 150-167 
admixtures for, 153, 154 
aggregates, 152, 153 
building green with, 165, 166 
composition of, 151-154 
curing, 156-158 
finish floor, 468, 469 
formwork for, 158 
handling and placing, 156 
history of, 150, 151 
lightweight, 151 
making and placing, 154-156 
MasterFormat numbers, 167 
proportioning, 154-156 
reinforcing of, 156-165 
slump test, 155, 156 
strength of, 154-157 
water/cement ratio, 154, 155 

Concrete block, see Masonry, 

concrete 
Concrete deck, 525 


Apprenticeship, construction, 46 
Architects: 
involvement in residential design, 54 
training of, 53 
Asphalt paving, 498-500 
Attic, ventilation of, 424-426 
Autoclaved aerated concrete (AAC), 
142, 143 


Building green with, see Green 
building 

Building inspector, 

Building permit, 23 


shoring for, 529, 530 
Concrete loadbearing walls, 
see Insulating 
concrete forms 
Concrete masonry, see Masonry, 
concrete 
Concrete slab, exterior, see Flatwork 
Condominium, 520 
Construction: 
context for, 4-26 
contracts for, 39 
cost of, 18, 19 
energy efficiency in, 21 
financing of, 20, 21, 40 
permit, 23 
standardization of, 32, 33 
typical process, 22-26 


Cabinets, 479-486 
hardware, 484 
installation, 484, 485 
planning, 484 
quality of, 479-481 
types of, 481-483 

Canadian Homebuilders Association 

(CHBA), 46 

Carpet, 468, 469 

Cast iron piping, 537, 538 

Ceiling, finish, 458-465 

Cement, 151, 152 

Central vacuum system, 366 


Backfilling, 184-187, 216 

Balloon frame, 220, 221 

Basement: 
concrete and masonry, 195, 196 
drainage and waterproofing, 212, 213 
excavation and formwork, 201 
insulation, 214, 215 
permanent wood, 210, 211 

Batter boards, 173, 174 
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Construction costs, 19, 20 
Construction documents, 61, 65-68 
Construction drawings, 61 
Construction industry: 
history of, 32, 33 
legal context, 38-40 
licensing of, 38 
publications for, 47 
specialization within, 32, 34, 36 
training for, 45, 46 
Construction observation, 62, 68, 69 
Construction process: 
efficiency of, 32, 33 
typical sequence, 23-25 
Construction Specifications Canada, 
(CSC), 46 
Construction Specifications Institute, 
(CSI), 46, 47 
Contractor: 
definition of, 7, 33 
general, 37 
responsibilities of, 39, 40 
types of, 34 
Contracts: 
construction, 39 
negotiations for, 61 
Controlled low-strength material 
(CLSM), 185, 198 
Cooling, see Heating and cooling 
Cost analysis, 18-20 


Council of American Building Officials 


(CABO), 18 
Countertops, 485 
Crawl space, 195 
insulation of, 414 
ventilation of, 427 
Custom design: 
advantages of, 59 
architectural services for, 61, 62 
process of, 59 
resources for, 64 


Deck, concrete fire-rated, 522 
Deck, wooden, 505, 506 
decking boards, 506 
railing, 506, 507 
structure for, 505, 506 
Design: 
associations, 65 
by builders, 42-45, 63 
custom, 59-61 
guidelines for, 52 
history of, 52 
sources of, 63, 64 
technical resources for, 65 
Design/build, 63 
Design consultants: 


engineers, 55 
interior designers, 56 
land planners, 55, 56 
landscape architects, 55 
Design development, 61 
Designers, role of, 7, 8 
Developer: 
definition of, 7, 40 
developer/builder, 40-42 
Development, financing of, 42 
Dew point, 423 
Doors, exterior, 320-325 
building green with, 325 
construction of, 323, 324 
installing, 324 
MasterFormat numbers, 326 
types, 320-323 
Doors, interior, 476-479 
installation, 478, 479 
types, 479-481 
Downspout, see Gutters and 
downspouts 
Drafting services, 62 
Drywall, 472-474 
Dry well, 182-184 
Ductwork: 
return, 374 
supply, 374-379 


Earthen construction, 548-555 
adobe, 548-552 
“greenness” of earth, 571 
rammed earth, 553-555 
EIFS, 342-344, 580 
Electrical plan, 400, 401 
Electrical power: 
permanent, 178 
temporary, 176 
Electrical wiring, 394-406 
basics, 394-399 
building green with, 407 
circuits, 397, 401 
codes, 405 
finish, 404, 405 
low-voltage, 405, 406 
MasterFormat numbers, 407 
materials, 399 
rough-in, 402-404 
system design, 400-402 
typical system, 394-398 
Electric baseboard heaters, 384, 385 
Electricity, 394, 395 
Elevator, hydraulic, 539 
Embodied energy, 21 
Energy efficiency, 21 
Engineer, structural, 55 
Engineered lumber, 91-93, 531 


Environmental responsibility, 20-23 
See also Green building 

Erosion control, 181, 182 

Exterior insulation and finish system 


(EIFS) , 334-336, 538 


Fencing, 507-509 

Finish work, exterior, 24, 330 
installing doors, 324, 325 
installing windows, 316-319 
paints and coatings, 346-348 
siding, 332-345 
trim, 333, 334 

Finish work, interior, 476-494 
building green with paints, 494 
cabinets, 479-486 
finish carpentry, 486—492 
finishing touches, 493, 494 
interior doors, 476-479 
MasterFormat numbers, 494 
paints and coatings, 493, 494 
trim, 486-489 

Firebox, 442 

Fireproofing, 525 

Fire protection, 533-536 

Fire-resistance rating, 522 

Fire safety, 272, 520 

Fire separation, 264, 265, 536 
fire blocking, 272, 536 
fire-resistant treated framing, 534 

Fire sprinkler system, 364, 365, 535 
stand-alone, 364, 365 
multifamily, 535 
multipurpose, 364, 365 

Fireplaces, 436—454 
building codes, 452-454 
factory-built, 448-450 
how green are, 454 
masonry, 438-442 
MasterFormat numbers, 454 
planning for, 438 
selection of, 437 

Fireplaces, factory-built, 448-451 
gas, 449 
installation, 450 
wood-burning, 448, 449 

Fireplaces, masonry, 438-440 
construction, 440-442 
design, 438-440 
Rumford-style, 440, 444 

Flame spread rating, 535 

Flashing: 
roof, 279 
wall, 332, 339, 340 

Flatwork, 498, 499 

Floor framing, 228-233, 241, 242, 530 

Flooring, 465-471 


carpet, 468, 469 
concrete, 468, 469 
finishing, 466 
function of, 465 
installation, 465, 466 
MasterFormat numbers, 472 
resilient, 468, 469 
thickness of, 466 
tile, 468-471 
wood, 466—468 
Flue: 
factory-built, 449-451 
masonry, 445, 446 
Fly ash, 153, 166 
Footings, 198-201 
Forced-air heating/cooling, 374-379 
components, 374-376 
planning 376, 377 
rough-in 378, 379 
Formwork, concrete: 
foundation, 158, 201-204 
insulating, 204, 582-588 
Foundations, 23, 192-216 
backfilling against, 216 
building code for, 195-197, 216 
concrete, 201-204 
concrete masonry, 204-206 
design of, 195-197, 216 
drainage of, 212, 213 
footings for, 198-201 
insulation for, 214-216 
loads on, 192 
MasterFormat numbers, 216 
multifamily housing, 521 
permanent wood, 210, 211 
precast concrete, 212 
reinforcing for, 201, 202 
settlement, 192, 193 
shallow frost-protected, 216 
slab-on-grade, 206-210 
soil support of, 193-195 
waterproofing, 212, 213 
Framed panels, 625-630 
closed panels, 625 
degree of finish, 626-628 
design limitations of, 629, 630 
history of, 626 
open panels, 625-630 
Framing, 228-270 
See also Wood light frame 
Framing, floor, 228-233, 241, 242, 530 
attaching to foundation, 224-228 
I-joists for, 231, 232 
MasterFormat numbers, 246 
multifamily, 530-531 
subflooring, 229, 230 
upper floor, 242 


Framing, roof, 253-270 
hips, 253, 256 
history, 250 
laying out rafters, 253-256 
MasterFormat numbers, 275 
nomenclature, 251, 256 
overframing, 253, 257 
overhangs, 265-270 
sheathing, 265, 270 
structure, 252, 253 
trusses, 260-262 
valleys, 253, 256 

Framing, stair, 244-246 

Framing, wall, 233-240 
increased insulation for, 240, 420, 421 
MasterFormat numbers, 246 
multifamily, 530-531 
rough openings, 236-238 
shear walls, 239, 240 
sheathing and bracing, 236-240 


Gas: 
supply lines, 181 
piping for, 363, 364 
Glass block, 142 
Glulam beams, 88-89 
Grading: 
finish, 506, 507 
rough, 186 
Green building, 20-23 
concrete, 165, 166 
earth, logs, and bales, 572 
electrical systems, 406 
exterior walls, 350 
finish sitework, 512 
fireplaces and stoves, 454 
gypsum products, 369 
heating and cooling, 388, 389 
heavy timber, 606 
light gauge steel, 620 
masonry, 145 
paints and coatings, 494 
plumbing systems, 366 
roofing, 304 
thermal insulation, 415-419 
windows and doors, 325 
wood, 106-108 
wood framing, 274 
Gutters and downspouts, 301-303 
Gypsum wall board (GWB), 458-469 
building green with gypsum, 369 
drywall system, 462-464 
installation, 460-462 
types and systems, 458, 459 
veneer plaster system, 464, 465 


Hardwood, 74—77 
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Heating and cooling, 371-390 
air conditioning, 373-375 
choosing a system, 373 
codes, 388 
finishing a system, 388 
forced-air, 374-379 
green strategies for, 388, 389 
hydronic, 384, 385 
local source heaters, 385-388 
MasterFormat numbers, 390 
radiant panel, 380-383 

Heat pump, 373-375 

Heat stoves, 387, 451 

Hollow-core concrete plank, 525 

Housing: 
affordable, 13 
buyer preferences 13, 14 
history of, 4-6, 518-520 
multiunit, 16, 17 
production of, 11, 12 
single-family detached, 13-15 
statistics, 11,12 

Hydraulic elevator, 539 


Ice dams, 428, 429 
ICF, see Insulating concrete forms 
Ljoists, 91-93 
Infiltration, see Air infiltration 
Insulating concrete forms, 582-588 
building codes, 588 
construction process, 584-588 
finishing interior and exterior, 588 
materials, 582-584 
openings in, 584, 585 
reinforcing, 582, 584 
Insulation, see Thermal insulation 
Interior designers, 56 
International Building Code (IBC), 18, 
518, 521 
International Code Council, 518 
International Residential Code (IRC) 
18, 518 
Irrigation, 510 


Kit houses, 624 


Laminated veneer lumber (LVL), 90, 
91 
Land planners, 55, 56 
Landscape architects, 55 
Lawn, 511 
Light gauge steel frame, 610-621 
advantages and disadvantages, 
618-620 
building codes, 620 
building green with, 620 
concept of, 610 
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Light gauge steel frame (cont'd) 
details of, 612-618 
framing procedures, 610-618 
hybrid uses of, 618 
MasterFormat numbers, 621 
openings in, 617 
stiffening of, 617, 618 
structural members, 610 
Lighting, outdoor, 509 
Lighting design, 400 
Loadbearing masonry walls, 576-582 
building codes, 582 
detailing for moisture, 581, 582 
history, 576, 577 
reinforced brick, 577, 578 
reinforced CMU, 577-579 
reinforcement for, 577 
thermal insulation, 580, 581 
Log construction, see Stacked log 
construction 
Lumber, 78-88 
defects, 82, 83 
dimensions, 86, 87 
engineered, 91-93, 531 
grading, 83-85 
sawing, 78, 79 
seasoning, 79-81 
strength of, 85, 86 
structural composite, 91-93, 531 
surfacing, 81 
LVL, see Laminated veneer lumber 


Manufactured housing, 10, 11 
Manufactured stone, 344, 345 
Marketing, 45 
Masonry, 112-145 
building green with, 145 
cold and hot weather construction 
143, 144 
efflourescence in, 144 
expansion and contraction of, 144 
history of, 112-115 
loadbearing walls, 576-582 
moisture resistance of, 143 
Masonry, brick, 126-138 
firing of, 126-128 
grades, 130, 131 
laying, 131-135 
loadbearing walls, 577, 578 
MasterFormat numbers, 145 
molding of, 126 
sizes, 129, 130 
spanning with, 135-138 
Masonry, concrete, 116-125 
decorative units, 124, 125 
description of units, 117, 118 
foundation walls, 204-206 


laying, 118-122 

loadbearing walls, 577-579 

manufacture of units, 116-118 

MasterFormat numbers, 145 

reinforcing, 122, 124 
Masonry, stone, 138-141 

manufactured, 142 

materials, 138, 139 

patterns, styles, 140, 141 
Masonry loadbearing walls, 

see Loadbearing masonry walls 

Masonry veneer, 344 
MasterFormat, general, 46, 47 

carpentry, 108 

concrete, 167 

doors, exterior, 326 

electrical wiring, 407 

exterior wall finishing, 351 

fireplaces and stoves, 454 

foundations, 216 

framing, 246, 277 

heating and cooling, 390 

interior finishes, 494 

interior surfaces, 472 

light gauge steel frame, 621 

masonry, 145 

plumbing, 367 

roofing, 304 

siding, 351 

sitework, finish, 512 

thermal insulation, 433 

windows, 326 

wood, 108 
Material manufacturers, 8 
Millwork, 486-488 
Moisture content of wood, 80, 81 
Molding, see Trim, interior 
Mortar, 115, 116 
deterioration of, 143, 144 
Multiunit structures, 16, 17 


Nails, 100-102 

National Association of Homebuilders 
(NAHB), 9, 46 

National Building Code of Canada, 18 


Occupational Safety and Health Act 
(OSHA), 18 

Oriented strand board (OSB), 93 

Owner/designers, 55 


Paints and coatings, exterior, 344-348 
application of, 347 
building green with paints, 494 
deterioration of, 347, 348 
solvent-based, 346 


surface preparation, 347 
types, 346, 347 
water-based, 346 
Paints and coatings, interior, 493, 494 
Panelized construction, 624-641 
concept of, 624-626 
framed panels, 625-630 
history of, 624 
panel types, 624-626 
structural insulated panels, 625, 626, 
630-641 
Parallel strand lumber (PSL), 90, 91 
Parking, 522 
Partition wall, 236-238 
Paving: 
asphalt, 498-500 
stone, 500 
unit, 500 
Perimeter drains, 182 
Permanent wood foundation (PWF), 
210, 211 
Piping: 
cast iron, 537, 538 
gas, 363, 364 
waste, 356, 357 
water supply, 354-356 
Planned unit development, (PUD) 15 
Plan review, 23 
Planting, 510, 511 
Platform frame, 220-222 
Plumbing, 354-366 
basics of, 354 
building green with, 366, 367 
codes, 362, 363 
finish, 362 
fire sprinkler, 364 
hydronic heating, 366 
insulation of, 356 
MasterFormat numbers, 367 
planning for, 358, 359 
rough-in 37, 361 
solar water heating, 366 
supply piping, 354-356 
underfloor, 360, 361 
waste piping 356, 357 
Plywood, 93-99 
siding, 339, 341 
Podium, 530 
Porches, see Decks 
Portland cement, 151, 152 
Posttensioned slab, 525-530 
Potable water, 179 
PSL, see Parallel strand lumber 
Publications, construction related, 9 


Radiant panel heating, 380-383 
radiant floors, 380-383 


rough-in, 382, 383 
types, 381, 382 
Rainscreen, 336 
Rammed earth, 553-555 
building codes, 555 
construction process, 553-555 
“greenness” of earth, 571 
soil, 553 
Realtors, 8 
Rebar, see Reinforcing steel 
Recycled content, 22 
Reinforcing steel, 159-161 
Remodeling, 12, 13 
Resilient channel, 533-534 
Resilient flooring, 468, 469 
Resource efficiency, 22 
Retaining walls, 502-503 
Roof: 
deck, 293 
framing, 250-270 
insulation of, 412 
low-slope defined, 293 
slope, 280, 281 
steep defined, 281 
structure, 252, 253 
trusses, 261-264 
Roof framing, 250-270 
basic framing, 253-258 
overframing, 253, 257 
overhangs, 265-270 
sheathing, 265 
trusses, 261-264 
Roofing, 24, 278-304 
building green with, 304 
codes, 303 
drainage, 301, 302 
edge details, 298-301 
flashing, 279 
low-slope, 293-299 
MasterFormat numbers, 304 
steep slope, 281-292 
underlayment for, 278, 279 
Roofing, low-slope, 293-301 
membranes for, 295-297 
thermal insulation for, 293-295 
traffic decks, 297, 298 
vapor retarders for, 294 
Roofing, steep, 281-292 
asphalt shingles, 283-285 
insulation for, 282 
roll, 292 
sheathing for, 281, 282 
sheet metal, 290-292 
slate, 288, 289 
tile, 287, 288 
vapor retarder for, 282 
wood shingles and shakes, 286, 287 


Rough sitework, see Sitework, rough 
Row house, 519 
Rumford-style fireplace, 440, 444 


Sandwich panels, see Structural 
insulated panels (SIP) 
Scaffolding, 348, 349, 541 
Schematic design, 61 
Screws, wood, 102 
Scribed log construction, 559, 560 
Septic system, 179-181 
dosing tank, 180, 182 
drain field, 180, 181 
sand filter, 180 
Sewage system: 
municipal sewer, 179 
septic system, 179-182 
septic tank, 180-182 
Shear walls, 239, 240, 522, 530-531 
Sheathing, 222 
low-slope roof, 293 
roof, general, 265, 266 
steep roof, 281, 282 
wall, 236-240 
Shoring, 529, 530 
Siding, 24, 334-346 
board, 335-337 
building green with, 350 
manufactured stone, 344, 345 
masonry veneer, 344 
MasterFormat numbers, 351 
metal and vinyl, 338, 339 
plywood, 339, 340 
rainscreen, 336 
shingle, 340-342 
stucco, 342, 343 
synthetic stucco, 342-344 
SIP, see Structural insulated panels 
Site management, 540 
Sitework, finish, 498-512 
fencing, 507-509 
finish grading, 506, 507 
green considerations in, 512 
irrigation, 510 
lighting, 509 
MasterFormat numbers, 512 
paving systems, 498-500 
planting, 510, 511 
porches and decks, 505, 506 
retaining walls and steps, 501-505 
Sitework, rough, 23, 172-187 
design of, 172, 173 
excavation, 174, 175 
grading, 184-187 
MasterFormat numbers, 187 
plumbing lines, 364 
site organization, 173 
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site preparation, 173, 174 
surface drainage, 183, 184 
utilities, 176-184 
Slab, posttensioned, 525-530 
Slab on grade: 
forming and preparing, 207-209 
insulation of, 415 
multifamily housing, 521 
pouring and finishing, 209, 210 
Slab, topping, 525 
Slump test, 155, 156 
Softwood, 74-77 
Soils: 
properties, 194, 195 
types, 193, 194 
Solar heating, passive, 21 
Solar water heating, 366 
Sound Transmission Class (STC), 533 
Speculative building, 13-16 
Speculative design, 63, 64 
Sprinklers, see Irrigation 
Stacked log construction, 556-561 
building codes, 561 
chinked and scribed styles, 559, 560 
construction process, 556-559 
“greenness” of logs, 561 
history, 556 
materials, 556 
thermal performance, 561 
unique characteristics, 559-561 
Stair framing, 244-246 
Steel, structural construction, 523, 524 
Steel stud construction, see Light 
gauge steel frame 
Steps, outdoor, 501, 504, 505 
Stock plans, 56-59 
drawbacks of, 58 
history of, 56-58 
marketing of, 58 
use of, 58 
Stone, manufactured, 142, 340, 341 
Stone masonry, see Masonry, stone 
Storm drainage, 182 
Stove heaters, 387, 451 
Straw bale construction, 562-570 
advantages and disadvantages, 570 
building codes, 571 
finishing walls, 569 
“greenness” of bales, 571 
history, 562 
infill walls, 566-569 
loadbearing walls, 565, 566 
materials, 563, 564 
window and door openings, 569 
Stressed skin panel, 630 
Structural insulated panels (SIP), 603, 
625, 626, 630-641 
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construction process, 635-643 

design of, 630 

environmental performance of, 634, 
635 

fire resistance of, 635 

history of, 630 

integration of utilities, 630, 632, 633 

structural performance of, 633 

thermal performance of, 634 

Stucco, 342, 343 

Stucco, synthetic, 342-344 

Subcontractors, 7, 37, 38 

Subdivision, 15 

Subflooring, 229, 230, 242 


utilities in, 603, 604 
wood shrinkage in, 600 
Toothed plates, 102, 103 
Townhouse, 518 
Toxicity of materials, 22, 23 
Tract housing, 14, 15 
Trade schools, 46 
Trees, 72—75 
Trees and shrubs, 510, 511 
Trim, exterior, 333, 334 
Trim, interior, 486-489 
casings and baseboards, 488, 489 
finish stairs, 490—492 
miscellaneous, 491 
Truss, roof, 260-264 


Walls, retaining, 502, 503 

Weather barrier, 381-333 

Well, 179 

Windows, 308-319 
building green with, 325 
components of, 308, 309 
construction of, 311-314 
energy performance, 308, 314, 315 
glazing, 314, 315 
history, 308 
installing, 316-319 
MasterFormat numbers, 326 
safety considerations, 315, 316 
testing, 316 


Sustainability, see Green Building 
Synthetic stucco, 342-344 


thermal properties, 314, 315 
types, 308-311 
Window schedule, 316, 315 
Wiring, see Electrical wiring 
Wood, 74-108 
building green with, 106-108 
building components, 106 
chemical treatment of, 99, 100 
construction types, 106 


Underlayment: 
for flooring, 466 
for roofing, 278, 279 
Uniform Building Code, 17, 518 
Utilities, 24 
Utilities, temporary, 176, 177 


Telephone cable, 181 

Television cable, 181 

Temporary utilities, 176, 178 
Tenement house, 518 

Thermal envelope, 410-415 
Thermal insulation, 24, 25, 410-431 


air infiltration control, 428-430 
attic, 418, 421 

basement, 215, 414, 415, 422 
building green with, 430, 431 
crawlspace, 215, 414, 422 
foundation, 215, 216 
installation of, 420-422 

levels of, 420 

MasterFormat numbers, 431 
materials, 415-419 

roof, 412, 413, 421 
slab-on-grade, 215, 216, 415, 422 
ventilation of cavities, 424-428 
walls, 413-415, 420 

water vapor control in, 422-424 
Tile flooring, 468-471 

Timber frame construction, 594-606 
building codes, 606 

building green with, 606 
construction process, 600-604 
enclosure of, 596, 597, 603 
frame shape, 595-597 

history of, 4, 6, 594 

joinery, 598-600 

lateral bracing, 600 

materials for, 596-598 
uniqueness of, 595 


Vapor retarder, 422, 424 
Ventilation, 424-428 
attic, 424-427 
crawl space, 427, 428 
roof, 426 
Vinyl siding, 338, 339 
Volatile organic chemical (VOC), 23 


Walls: 
framing of, 233-238 
insulation of, 413, 416, 417 
multifamily framing of, 530-531 
Wall finish, exterior, 330-350 
building green with, 350 
MasterFormat number, 351 
paints and coatings, 344-348 
scaffolding for, 348-349 
siding, 334-345 
weather barrier, 331-333 
Wall finish, interior, 458-465 
board paneling, 464, 465 
drywall systems, 462-464 
gypsum board, 458-462 
Masterformat numbers, 472 
sheet paneling, 465 
veneer plaster, 464, 465 
Wall heaters, 384, 385 


fasteners, 100-103 
I-joists, 91-93 
laminated, 88, 89 
MasterFormat numbers, 108 
moisture content, 80, 81 
panel products, 93-99 
products, 88-100 
shrinkage and distortion, 79-81 
Wood flooring, 466, 467 
Wood light frame, 220-274 
building codes, 271, 272 
building green with, 274 
design flexibility, 9 
erecting, 224 
floor framing, 228-233, 242 
history, 4-6, 220, 270 
increased insulation for, 240, 420, 
421 
MasterFormat numbers, 246, 275 
planning for, 222-224 
platform frame, 220-224 
roof framing, 253-270 
stair framing, 244-246 
uniqueness of, 272-274 
wall framing, 233-240 


Zoning ordinance, 9, 17 


